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ABSTRACT 


Three  two-dimensional  infrared  arrays  have  been  tested  under  flight 
conditions  on  the  NASA-Ames  Research  Center  Kuiper  Airborne  Observatory 
(KAO).  Two  series  of  3  flights  each  were  undertaken.  Two  of  the  arrays  were 
manufactured  by  Aerojet  ElectroSystems  Company;  these  were  a  16  x  32  pixel 
Si:Bi  bulk  array  and  a  16  a  32  pixel  Si: As  MCr  (impurity  band  conduction) 
array.  The  third  array,  a  BIBIB  (back-illuminated  blocked  impurity  band) 
Si:  As  detector,  with  10  x  50  pixels,  was  manufactured  by  Rockwell 
International.  This  report  concentrates  on  several  aspects  of  general  array 
performance  observed  during  the  sixth  flight,  during  which  each  of  the  arrays 
was  mounted  on  the  telescope.  Each  array  was  exposed  to  background  radiation 
from  the  telescope  and  the  atmosphere  and  each  was  able  to  detect  a  star.  The 
performance  characteristics  of  representative  array  pixels  are  presented  in 
some  detail,  while  tables  show  the  performance  of  all  pixels  as  a  set - 
Anomalies  and  other  unusual  characteristics  of  the  data  are  discussed,  linking 
each  characteristic  to  its  apparent  source  in  the  arrays  themselves,  the 
associated  multiplexers,  or  other  elements  of  the  array  electronics  system. 
The  techniques  and  nature  of  the  flatfielding  required  and  correction  for 
local  background  are  also  addressed.  Properties  of  the  noise  and  the 
uniformity  of  the  arrays  are  examined  in  detail  with  tables  and  gray-scale 
plots. 
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I .  SUMMARY 


Three  two-dimensional  infrared  arrays  have  been  tested  under  flight 
conditions  as  part  of  the  Kuiper  Infrared  Technology  Experiment  (KITE) 
sponsored  by  the  U.  S.  Army  Ballistic  Missile  Defense  Advanced  Technology 
Center  (BMDATC),  now  the  U.S.  Army  Strategic  Defense  Command  (USASDC),  in 
Huntsville,  Alabama,  and  overseen  by  NASA-Ames  Research  Center  in  Mountain 
View,  California.  The  arrays  were  tested  under  a  variety  of  conditions  in  the 
laboratory,  at  groundbased  telescopes,  and,  ultimately,  under  flight 
conditions  aboard  the  Kuiper  Airborne  Observatory  (KAO)  which  flies  out  of 
Ames . 

The  three  arrays  tested  were  1)  a  Si:Bi  bulk  array  with  16  x  32  pixels 

p 

and  2)  an  Si: As  MC  (impurity  conduction  band)  array  (also  with  16  x  32 
pixels),  both  of  which  were  manufactured  by  Aerojet  ElectroSystems  Company 
(AESC),  and  3)  an  Si:As  BIBIB  (back-illuminated  Blocked  Impurity  Band)  array 
with  10  x  50  pixels  manufactured  by  Rockwell  International.  The  purpose  of 
the  tests  was  to  demonstrate  the  use  of  arrays  of  these  types  under  flight 
conditions  while  evaluating  both  the  performance  of  the  arrays  as  well  as 
limitations  imposed  by  operation  in  an  aircraft  environment  with  a  cooled 
telescope  exposed  to  and  viewing  through  the  local  ambient  environment. 

This  report  presents  parameters  quantifying  the  noise  performance  of  each 
of  the  arrays  by  means  of  a  number  of  related  tables  displaying  values  derived 
for  every  pixel.  In  addition,  noise  distributions  are  shown  in  detail  for  a 
number  of  representative  channels  in  order  to  clarify  the  significance  of 
parameter  values  found  in  the  tables.  The  major  conclusion  to  be  drawn  from 
these  data  is  that,  except  when  the  detector  array  element  itself  was  clearly 
damaged,  the  noise  is  well  represented  by  a  normal  (or  gaussian)  distribu¬ 
tion.  There  is  no  evidence  for  "excess"  noise  appearing  as  extended  tails, 
nor  for  frequency-dependent  noise.  The  only  significant  deviation  from  gaus¬ 
sian  noise  appears  to  be  due  to  unevenly-spaced  channels  in  the  analog-to- 
digital  converters,  a  conraon  and  well-known  problem  with  successive- 
approximation  encoders. 

A  good  star  detection  was  obtained  with  each  of  the  arrays.  The  back¬ 
ground  measured  by  pointing  the  telescope  Just  off  the  star  was  used  to 
generate  multipliers  to  flat-field  each  array.  These  values  were  then  used 
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wicn  values  measured  by  pixels  just  above  and  below  the  star  image  to  subtract 
the  local  background.  The  size  of  the  star  on  the  arrays  was  such  that  a 
pixel  received  approximately  1 5%  of  the  available  irradiance  at  the  peak  of 
the  image,  and  less  on  pixels  away  from  the  peak.  These  star  sightings  have 
been  used  to  determine  a  noise-equivalent  power  for  each  of  the  detector 
arrays.  The  system  NEP  is  1-2  x  10”^  w//H2  for  each  of  the  arrays.  Taking 
into  account  the  transmission  through  the  telescope  and  dewar  optics,  the 

_  1  ii  — 

array  NEP  is  -5  x  10  W//Hz.  This  indicates  background  limited 
performance.  The  scanning  (chopping)  secondary  mirror  was  used  to 
successfully  demonstrate  a  time-delay-and-integrate  mode  of  observation  to 
improve  the  statistical  significance  (signal-to-noise)  of  the  detection  of  a 
point  source.  This  latter  experiment  has  been  discussed  in  detail  in  Boeing 
(Hibben  et  al .  1986)  and  TBE  reports  (Elgin  1985,  Elgin  1986;  Chu  et  al. 

1986). 
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II.  INTRODUCTION 


The  Kuiper  Infrared  Technology  Experiment  (KITE)  is  a  U.  S.  Army- 
sponsored  project  to  investigate  such  areas  as  atmospheric  seeing  effects, 
effects  of  aerodynamic  factors  on  image  quality,  background  radiance  from  the 
atmosphere  and  the  telescope,  and  general  implications  and  limitations  in  the 
use  of  IR  arrays  in  an  airborne  environment.  The  program  is  built  around  the 
use  of  the  Kuiper  Airborne  Observatory  (KAO),  a  4-engine  C— 14 1  jet  transport 
into  which  has  been  built  a  90-cm  telescope  optimized  for  infrared  obser¬ 
vations  (Cameron  1976,  Haughney  and  Mumma  1986,  Elliott  et  al .  1989).  The 
telescope  has  all-reflective  optics  in  an  altazimuth  mount.  It  views  out  the 
left  side  of  the  aircraft  at  elevation  angles  between  35  and  72  degrees. 
Three  state-of-the-art  detector  arrays  were  tested  on  the  KAO  under  flight 
conditions.  They  were 

1.  Si:Bi  Bulk  Array 
16  x  32  pixels 

Aerojet  ElectroSystems  Company 

p 

2.  Si: As  MC  (Impurity  Band  Conduction)  Array 
16  x  32  pixels 

Aerojet  ElectroSystems  Company 

3.  Si:As  BIBIB  (Back-Illuminated  Blocked  Impurity  Bandl  Array 
10  x  50  pixels 

Rockwell  International 

The  goals  of  the  array  work  were 

1.  To  demonstrate  the  use  of  state-of-the-art  IR  arrays  in  a  working 
aircraft  flight  system. 

2.  Tc  ilect  information  on  the  characteristics  of  the  arrays  in  an 

.  j  ne  environment  subject  to  the  ground  currents,  radio  transmis- 
s..  and  mechanical  and  acoustical  vibrations  which  are  an  un- 
avoi d-  ,  e  part  of  that  environment. 

3.  To  evaluate  the  performance  of  the  arrays,  in  particular  in  the 
following  areas: 

a.  To  quantify  the  angular  size  of  the  IR  image  near  11  microns 
over  a  variety  of  time  scales,  and  to  measure  the  amount  of 
motion  of  the  image  (blur  size  and  jitter). 

b.  To  collect  a  database  for  evaluating  the  impact  of  varying 
aerodynamical  parameters  such  as  Mach  number  and  cavity  turbu¬ 
lence  on  the  image  quality. 
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4.  To  attempt  an  actual  demonstration  of  system  performance  in  a  time- 
delay-and-integrate  (TDI)  mode. 

5.  To  provide  a  database  for  subsequent  use  in  studies  of  signal  pro¬ 
cessing  of  extended  sources,  background  variability  and  subtraction, 
and  closely-spaced  objects. 

This  final  report  will  focus  on  tasks  1,  2  and  3,  while  providing  general 
information  pertinent  to  the  use  of  the  database  as  a  generic  resource.  Task 
4  was  discussed  briefly  in  the  Annual  Report  (Russell  et  al.,  1986)  and  more 
completely  in  reports  from  The  Boeing  Company  and  Teledyne  Brown  Engineering. 

Russell  et  al.  (1986)  described  aspects  of  the  experiment,  in  particular 
the  instrumentation,  in  some  detail.  The  Annual  Report  presented  a  descrip¬ 
tion  of  the  hardware,  field  trips,  and  flight  series  conducted  under  this 
contract.  In  addition,  the  Annual  Report  presented  some  preliminary  data 
analysis,  specifically,  detections  of  stars  with  each  of  the  three  arrays 
(Rockwell  BIBIB,  AESC  Bulk  and  AESC  MC2)  used  for  this  program.  Subsequent 
analyses  have  confirmed  and  refined  the  results  presented  in  that  document. 
The  present  final  report  will  discuss  several  aspects  of  the  analysis  in  more 
detail  and  will  include  a  significantly  larger  quantity  of  data  than  the 
Annual  Report,  principally  in  the  form  of  tables  and  plots  of  distributions  of 
frequency  of  occurrence  of  various  A/D  count  levels  (ADCs),  FFTs,  etc.  It  is 
worth  noting  that  all  of  the  data  presented  to  date  still  represent  only  a 
small  fraction  of  all  of  that  acquired  under  this  program.  In  the  present 
report,  representative  data  for  each  array  will  be  shown,  with  the  format  and 
pixels  chosen  to  assist  the  reader  in  understanding  which  effects  are  linked 
to  the  arrays,  which  to  the  multiplexers,  which  to  the  digital  electronics, 
etc.  The  most  important  parameters  describing  array  performance  during  flight 
will  be  discussed  in  detail,  including  derivation  of  Noise  Equivalent  Power 
(NEP)  and  signal-to-noise  ratio.  There  will  also  be  a  discussion  of  flat 
fielding,  "local  background"  subtraction,  and  some  of  the  general  properties 
of  the  noise.  We  emphasize  that,  unlike  many  reports  of  this  type,  we  show 
typical  or  representative  images  and  noise  data,  not  the  "best"  data 
available. 


III.  NOISE  MEASUREMENTS 


Noise  is  the  most  critical  parameter  that  goes  into  estimating  the  over¬ 
all  performance  of  the  detector  array  system  used  in  this  program.  It  is  for 
this  reason  that  we  have  concentrated  so  much  of  our  effort  in  this  Final 
Report  upon  measuring  detector  noise  and  upon  discussing  its  probable 
source . 

Although  most  of  the  results  discussed  below  came  from  post-flight 
analysis  of  the  data,  the  noise  level  of  the  detectors  was  monitored  in  three 
different  ways  during  the  flight.  This  real-time  monitoring  of  the  noise 
level  allowed  us  to  avoid  any  problems  that  might  have  been  introduced  by 
obvious  electromagnetic  interference,  noise  from  bad  contacts  at  cable  connec¬ 
tions,  cabling  microphonics,  or  other  intermittent  noise  sources.  During 
almost  the  entire  flight,  the  Aerospace  data  acquisition  system  showed  the 
array  output  as  a  colored  ''checkerboard"  pattern  that  was  updated  at  about  15 
hertz.  Each  color  in  the  display  represented  a  different  signal  level,  and 
visual  monitoring  of  the  display  gave  the  operator  a  good  idea  of  overall 
system  performance.  Most  of  the  time  the  display  showed  the  total  array 
signal  and  the  noise  was  less  than  one  color  interval  in  the  display.  The 
color  monitor  gave  a  better  indication  of  noise  during  the  time  that  the  star 
position  was  "chopped"  on  and  off  the  array.  For  this  measurement  the  "on- 
star"  and  "off-star"  signals  were  differenced,  and  the  noise  was  readily 
visible  on  the  screen.  A  quantitative  idea  of  the  signal-to-noise  (S/N) 
ratio  was  given  by  the  ease  with  which  the  star  could  be  seen  against  the 
noise.  A  second  method  of  monitoring  the  noise  during  flight  was  by  feeding 
the  output  from  one  pixel  (the  hardware  "quick-look"  output)  into  an  Ithaeo 
lock-in  amplifier  which  could  be  set  to  display  the  root-mean-square  (rms) 
noise  at  any  frequency  between  10  and  100  hertz  with  a  bandwidth  of  1  hertz. 
Third,  the  same  one-pixel  output  was  fed  into  an  HP  3582A  spectrum  analyzer 
which  calculated  the  noise  spectrum  from  a  Fourier  transform  of  the  pixel 
signal.  In  flight,  the  spectrum  analyzer  occasionally  showed  a  noise  peak 
near  120  hertz.  No  hard  record  could  be  made  of  data  from  the  lock-in 
amplifier  or  from  the  spectrum  analyzer,  although  some  Polaroids  of  the 
spectrum  analyzer  display  were  taken  by  TBE. 
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Each  of  the  detector  array  systems  generated  analog  voltages  that  were 
encoded  by  analog-to-digital  converters  (ADCs).  The  post-flight  analysis  of 
these  data  is  discussed  in  the  remainder  of  this  section.  These  data  were 
recorded  in  two  ways.  In  principle,  the  most  complete  data  set  was  to  be 
recorded  onto  a  28-track  digital  tape  recorder  that  had  the  bandwidth  to  store 
all  ~  500  pixels  from  every  frame  at  rates  corresponding  to  as  little  as  300 
microseconds  per  frame.  Technical  problems  with  the  28-track  recorder 
resulted  in  readable  data  being  recorded  only  for  the  Rockwell  BIBIB  array. 
But  data  from  every  array  were  written  onto  9-track  tape  by  The  Aerospace 
Corporation's  1 6 -bit  computer  system.  This  computer  was  unable  to  record  every 
frame  at  a  300  microsecond  frame  interval  due  to  speed  limitations  in  the 
computer.  These  files  represent  3200  frames  x  300  microseconds  per  frame  or 
about  1  second  of  total  integration  time  over  a  ~  4-second  period.  Moreover, 
these  frames  were  not  uniformly  sampled  in  time;  sometimes  every  third  and 
sometimes  every  fourth  frame  was  stored  depending  upon  the  relative  timing  of 
the  computer  and  array  clocks.  Nevertheless,  these  3200-frame  files  recorded 
on  9-track  tape  represent  a  uniform  data  resource  for  all  of  the  arrays,  and 
it  is  these  files  that  we  have  studied  the  most  closely. 


The  first  simple  question  that  can  be  asked  of  the  9-track  data  is 

whether  or  not  the  noise  is  "normally”  distributed  (i.e.  if  there  is  a  gaus- 

sian  distribution  of  signal  intensities).  To  study  this,  we  have  constructed 

histograms  of  the  ADC  counts  from  a  representative  3200-frame  file  for  each  of 

the  detector  arrays  tested.  A  large  sample  of  these  histograms  is  shown  in 

Appendix  A.  Almost  all  of  the  pixels  that  are  working  show  a  gaussian-like 

peak  that  is  centered  on  a  single  maximum.  For  comparison,  the  gaussian  that 

best  fits  the  mean  and  standard  deviation  of  the  sample  is  also  shown,  and  is 

seen  to  be  a  good  fit  in  almost  all  of  the  cases.  A  formal  test  of  the  shape 

2  2 

of  the  distribution  was  made  by  computing  the  reduced  x  (or  x  per  degree  of 
freedom;  see,  e.g.  Taylor,  1982).  This  is  defined  as: 


2 

x 


r  r (observed-expected )‘ 
t  (  expected 


1 } /(N-3)  . 


We  have  assumed  that  the  standard  deviation  of  the  frequency  of  occurrence  of 
a  given  ADC  value  is  determined  by  Poisson  statistics  (i.e.  is  the  square  root 
of  the  frequency).  Although  inspection  by  eye  shows  that  the  gaussian  distri¬ 
bution  agrees  quite  well  in  shape  and  form  with  the  measured  distribution,  in 
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all  cases  the  formal  x  varies  significantly  from  the  expected  value  of  ap- 

2 

proximately  1.  The  chance  probability  of  occurrence  of  the  measured  x  values 
is  less  than  10“^  in  most  cases. 

To  study  further  the  source  of  the  discrepancy  between  the  spuriously 
2 

high  values  of  x  and  the  otherwise  apparently  good  fit  between  the  data  and  a 
normal  distribution,  we  computed  higher  moments  of  the  ADC  count  distribu¬ 
tion.  To  remain  within  accepted  practice,  we  represented  the  third  moment  of 
the  distribution  by  the  Pearson  "skewness",  and  the  fourth  moment  by  the 
"kurtosis."  Formal  definitions  of  the  mean,  variance,  skewness,  and  kurtosis 
are  as  follows  (see,  e.g.  Martin,  1971): 

mean 

var iance 

skewness, 


kurtosis, 

For  a  gaussian  distribution,  the  skewness,  which  measures  the  asynmetry  of  the 

distribution,  is  zero;  the  kurtosis,  which  measures  the  peakedness  of  the 

distribution,  is  3.  Close-to- ideal  values  of  skewness  and  kurtosis  are  seen 

2 

for  almost  all  of  the  "working  channels".  Thus  the  high  values  of  x  must  be 

explained  by  a  mechanism  other  than  a  gross  deviation  from  a  normal  distribu- 

2 

tion  of  the  ADC  counts.  The  explanation  for  high  x  that  we  favor  is  that  the 
ADC  has  unevenly-spaced  channels  so  that  all  voltage  values  are  not  equally 
represented  in  the  encoder.  This  results  in  the  deviations  of  the  counts  in  a 
given  channel  not  being  properly  represented  by  the  Poisson  distribution  as 

calculated  from  the  best-fit  gaussian,  and  in  a  larger  than  expected  value  for 

2  2 
the  formal  x  •  For  a  given  ADC  channel,  the  relative  values  of  x  will  be 

meaningful,  but  channel-to-channel  variations  will  represent  mainly  the  rela¬ 
tive  quality  of  the  encoders. 


x  = 


E  x. 
i 


2  I  (x.  -  x)2 

0  =  — if— — 


p-13,2 


*1  = 


(i(x.  - 


[e(x.  -  ;n 


^2,3  ' 


62  = 


z(x.  -  5) 


(i(x.  -  ;r] 


-  -»2  i2  • 


7 


As  an  example  of  the  usefulness  of  reducing  the  ADC  count  distributions 
to  four  parameters  (i.e.,  mean,  standard  deviation,  skewness,  and  kurtosis), 
we  observe  that  in  instances  when  there  were  frames  of  zeros  (which  occurred 
for  unknown  reasons  on  AESC  9-track  tapes),  or  when  sync  pulses  had  been 
incorrectly  identified  (as  happened  occasionally  on  some  RI  downloaded  28- 
track  tapes)  then  the  skewness  and  kurtosis  increased  by  an  order  of  magnitude 
over  the  values  shown  in  Appendix  A.  At  the  same  time,  the  mean  and  standard 
deviation  were  near  those  expected  for  "good"  data;  thus,  the  skewness  and 
kurtosis  were  important  warning  flags  of  bad  data. 

As  a  further  test  of  the  frequency  content  of  the  array  outputs,  we  used 
Fourier  transforms  to  study  a  stream  of  RI  data  taken  from  the  28-track  tape 
recorder.  Figure  1  shows  the  amplitude  spectrum  of  the  noise  vs.  frequency 
for  several  representative  pixels  from  the  Rockwell  BIBIB  array.  There  is  no 
evidence  for  120  hertz  interference,  nor  is  there  significant  power  over  white 
noise  at  any  other  frequency.  The  1/f  noise  component  is  also  very  slight. 
This  result  supports  in  all  ways  the  conclusions  about  the  gaussian 
distribution  of  the  noise  that  we  reached  by  studying  the  count  distributions. 

The  major  conclusion  that  we  draw  from  the  data  shown  in  Appendix  A  and 
associated  tables  is  that,  except  when  the  detector  array  element  itself  was 

p 

damaged  (see,  e.g.  column  12  of  the  AESC  MC  array),  the  noise  is  well  repre¬ 
sented  by  a  normal  (or  gaussian)  distribution.  There  is  no  evidence  for  "ex¬ 
cess"  noise  appearing  as  extended  tails,  nor  for  frequency-dependent  noise. 
The  only  significant  deviation  from  gaussian  noise  appears  to  be  due  to  un¬ 
evenly-spaced  channels  in  the  ADCs,  a  common  and  well-known  problem  with 
successive-approximation  encoders . 
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Figure  1:  Fourier  amplitudes  of  the  time-series  output  from  several  pixels  in 
the  Rockwell  BIBIB  array  are  shown.  Each  sequence  was  3200  samples 
long  with  an  interval  of  300  microseconds;  thus  the  first  tick-mark 
at  400  represents  a  frequency  of  about  417  hertz.  There  is  little 
evidence  for  low-frequency  1/f  noise  in  the  specta.  Each  plot  is 
labeled  by  column  and  row  number  starting  from  zero.  Thus,  RI 
detectors  ranged  from  column  0,  row  0,  to  column  9,  row  49. 
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IV.  STAR  MEASUREMENTS 


To  reduce  the  noise  measurements  discussed  above  to  absolute  intensity 

* 

values  that  are  suitable  for  calculating  Noise  Equivalent  Power  (NEP)  or  D 
requires  that  the  detector  array  be  illuminated  by  a  source  of  known  bright¬ 
ness.  We  found  that  observations  of  bright  infrared  stars  were  the  most 
suitable  for  testing  the  detectors  under  operating  conditions.  This  section 
discusses  the  data  reduction  of  such  stellar  measurements  and  the  implications 
of  the  results. 

As  an  example  of  our  data-reduction  technique,  we  discuss  measurements 
made  with  the  AESC  MC  detector  that  are  shown  in  Figure  2.  The  top  center 
image  of  Figure  2  shows  the  mean  for  a  3200-frame  file  of  a  field  that 
contains  the  infrared  star  Alpha  Orionis;  the  bottom  center  image  shows  a 
2700-frame  mean  on  a  field  near  the  star  that  was  made  immediately  after  the 
star  measurement.  There  is  no  obvious  difference  between  the  sets  of 
measurements.  The  appearance  of  both  is  dominated  completely  by  pixel-to- 
pixel  variations  in  the  detector  responsivity /multiplexer  characteristics 
modulating  the  appearance  of  the  background  signal,  which  was  much  greater 
than  the  star  signal.  The  right  hand  side  of  Figure  2  shows  the  ratio  of  the 
average  of  the  star  frames  to  the  background  in  the  top  image,  and  the 
combined  standard  deviation  in  the  bottom  image.  Some  vignetting  effects  can 
be  seen  on  the  top  and  left  edges.  This  ratio  has  removed,  to  first  order, 
the  effects  of  different  pixel-to-pixel  responsivities/outputs  and  reveals  the 
star.  The  principal  reason  that  the  star's  signal  was  not  visible  on  the 
"raw"  frames  is  that,  even  though  Alpha  Orionis  is  one  of  the  brightest 
infrared  stars  in  the  sky,  it  is  only  about  IX  of  the  background  intensity, 
and  is  therefore  completely  swamped  by  the  unevenness  of  the  array  response. 
The  principal  lesson  to  be  drawn  here  is  that,  if  targets  less  bright  than  the 
background  are  to  be  viewed  by  these  arrays,  some  "flat-fielding"  will  have  to 
be  done  to  remove  the  effects  of  pixel-to-pixel  variations  in  the  responsivity 
until  more  uniform  arrays  are  routinely  available.  Arrays  obtained  recently 
have  demonstrated  -1-5X  uniformity  and  offer  great  promise  for  easier  use. 
Figure  3  shows  the  same  ratio  data  as  Figure  2  but  in  the  form  of  3D  plots. 
Note  that  the  star  is  the  slightly-extended  source  in  the  center  of  the 
frame.  The  other  compact  features  are  the  result  of  "hot"  or  noisy  pixels  in 
the  array.  Optical  vignetting  on  the  left  side  (3  columns)  and  top  (2  rows) 
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Figure  2:  Imagery  with  the  AESC  MC  array.  The  top  center  image  is  the 
average  of  3200  frames  of  300  psec  each  of  raw  data  with  the 
stellar  source  a  Ori  contained  in  the  field  of  view.  The  standard 
deviation  for  each  pixel  is  shown  to  the  left.  In  the  center 
bottom  image  is  the  average  of  2700  frames  of  300  psec  each  of  the 
sky  near  the  star.  Again,  the  standard  deviation  is  shown  to  the 
left.  Due  to  the  large  size  of  the  background  flux  (mostly  emitted 
by  the  telescope  at  the  wavelength  of  11  pm  used  here),  compared  to 
the  star,  these  images  are  virtually  indistinguishable.  On  the 
upper  right  is  the  flat-fielded  image  of  the  star  as  discussed  in 
the  text.  The  148  pixels  which  yielded  a  ratio  of  less  than  .9955 
have  been  set  to  black,  and  these  pixels  are  mostly  in  the  dead 
column  and  vignetted  portions  of  the  array.  Pixels  (0,2),  (14,1), 
(15,5),  (2,11),  and  (8,22)  have  been  set  to  one.  The  place  scale 
here  is  about  4.7"/pixel,  or  23  pradians/pixel .  The  combined 
(square  root  of  the  sum  of  the  squares)  standard  deviation  of  the 
flat  fielded  image  is  shown  on  the  bottom  right.  For  each  array, 
the  smallest  and  largest  values  plotted  are  given  as  "MIN"  and 
"MAX" . 
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Figure 


Figure  3: 
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Surface  plots  of  images  obtained  with  the  AESC  MC  array.  The 
flat-fielded  image  from  Figure  2  is  shown  here  as  a  3D  plot  in  2 
perspectives.  The  dead  column  and  vignetted  areas  are  plotted  at 
the  threshold.  The  stellar  image,  which  covers  several  pixels  due 
to  the  size  of  the  image  in  flight  as  discussed  in  the  text,  is 
seen  as  the  prominent  spike.  The  five  pixels  set  to  1.0  in  Figure 
2  are  treated  the  same  way  here  for  clarity. 
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Figure  3 

STAR:  A  ORI  =  AFGL  836  =  IRC  + 


of  the  array  results  in  a  non-constant  background  that  has  been  suppressed. 

These  pixels  were  used  to  assess  scattered  light  levels  from  the  telescope  vs. 

inside  the  dewar.  Figures  4  and  5  are  similar  to  Figures  2  and  3  but  are  for 

the  AESC  Bulk  detector  array.  Note  that  the  star  in  the  case  of  the  Bulk 

2 

array  is  about  10  times  brighter  than  that  used  for  the  MC  array.  Very 

little  (one  row  and  one  column)  vignetting  is  seen  with  this  sensor.  Figures 

6  and  7  show  the  same  data  for  the  Rockwell  International  BIBIB  array  looking 

2 

at  Alpha  Ori,  the  same  star  viewed  with  the  MC  array,  but  through  a  different 
spectral  filter.  The  long  dimension  of  the  array  was  too  large  for  the  lens, 
so  a  few  rows  are  partly  vignetted  on  the  top  and  bottom.  Some  of  the 

original  data  (not  necessarily  that  used  for  these  images)  for  the  AESC  Bulk, 

p 

the  AESC  MC  array,  and  the  RI  array  are  given  in  Appendix  B. 

Once  a  star  has  been  identified  on  an  array  frame,  its  known  brightness 
in  the  infrared  can  be  used  to  calculate  the  effective  array  responsivity 
under  operating  conditions. 

Because  stars  appear  as  unresolved  point  sources  to  our  optical  system, 
the  analysis  of  a  stellar  image  has  the  potential  to  tell  us  much  about  the 
overall  optical  quality  of  the  telescope  and  array  system.  The  stellar  images 
shown  in  Figures  2-7  are  smeared  over  several  pixels,  and  are  significantly 
larger  than  expected  for  the  diffraction-limited  point-spread  function  of  the 
telescope.  Other  parts  of  the  KITE  program  conducted  by  MIT  (Elliot  et  al., 
1989)  demonstrated  that  the  sources  of  the  large  images  were  not  in  the  array 
or  the  array  dewar  optics,  but  were  associated  with  the  telescope  and  its 
environment. 

The  system  NEP  was  calculated  using  the  following  procedure.  The 
sequence  of  background  frames  obtained  looking  off-source  were  averaged,  and 
the  incident  flux  on  the  array  from  the  combined  background  sources  (sky  plus 
telescope)  assumed  to  be  uniform.  A  table  of  multipliers'  M^j,  was  calculated 
by  dividing  a  typical  or  average  value  of  the  signal  on  one  pixel  by  each 
pixel's  averaged  response  to  the  background,  i.e., 


This  table  of  multipliers  was  then  matrix  multiplied  times  the  average  of  the 
frames  obtained  on-source  to  obtain  the  flat-fielded  signals,  SFF^j: 
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ij  ij  on-source  ij 


The  rows  just  above  and  below  the  location  of  the  image  of  the  star  were  then 
averaged  to  obtain  a  "local  background"  to  subtract  from  the  rows  containing 
the  image  of  the  star.  The  resulting  (small)  signal  counts  were  summed  and 
set  equal  to  the  total  inband  flux  of  the  star.  The  fraction  of  the  total 
counts  measured  on  one  pixel  then  represented  the  corresponding  fraction  of 
the  star's  flux  being  incident  on  that  pixel,  F^j .  The  noise,  obtained  from 
the  variance  multiplied  by  the  same  matrix  of  flat-field  multipliers  VFFy  = 
j  *  Variance^  was  then  used  in  the  calculation  of  the  NEP  for  each  pixel 
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where  tp  =  frame  time  in  seconds.  In  all  the  instances  examined  here,  the 
resulting  NEP  was  about  1-2  x  W//Hz.  This  is  significantly  greater  than 
the  electrical  NEP  of  the  pixels  as  measured  under  low  backgrounds  in 
controlled  laboratory  conditions,  and  indicates  these  systems  were  background 
limited  or  limited  by  the  electronics  used  on  board  the  aircraft.  As  the 
noise  was  greatly  reduced  when  the  dewars  were  blanked  off  with  a  cold  metal 
surface,  we  believed  the  systems  were  background  limited. 


Using  reasonable  values  for  telescope  temperature  from  inflight  sensors 
(-245K)  and  typical  measured  values  for  the  effective  emissivity  of  the  KAO 
telescope  of  about  30J,  one  would  expect  a  background  limited  (BLIP)  NEP  of 
less  than  10  1  W//Hz  for  a  .25  um  or  .  2  ym  filter  near  11  um  and  a  detector 
size  of  23  yrad  (4.7  arc  sec)  or  27  yrad  (5.5  arcsec).  Warm  cabin  air  was 
known  to  be  leaking  into  the  field  of  view,  warm  cavity  components  were 
contained  in  the  off-axis  response  cones  of  the  dewars,  and  warmer  components 
of  the  telescope  and  the  dewar  window  were  likely  additional  background 

_  1  c 

sources,  but  would  only  raise  the  NEP  to  a  few  xIO  .  In  order  to  account 
for  the  larger  NEP  that  we  measure,  some  additional  source  of  white  noise  must 
be  invoked,  and  the  generally  accepted  scapegoats  are  the  electronics  and 
associated  ground  currents.  There  was  insufficient  time  during  the  program  to 
accurately  assess  this  hypothesis — the  FFT  analysis  after  the  fact  showed  no 
evidence  of  noise  spikes  at  any  particular  frequency.  We  are  left  with 
systems  which  behaved  as  if  they  were  background  limited  at  a  level  (-10“^ 
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Figure  4:  Imagery  with  the  AESC  Bulk  Array.  The  layout  of  this  figure 

follows  that  of  Figure  2,  but  3200  frames  were  used  to  calculate 

each  of  the  averages,  "source"  and  "background".  In  this  case, 

however,  no  pixels  had  to  be  set  to  1.0,  and  27  pixels  fell  below 

the  flat-field  image  threshold  of  .9955  and  thus  were  set  to 
black.  Slight  evidence  for  vignetting  may  be  seen  on  the  right  and 
bottom  of  the  array.  The  star  used  for  this  set  of  observations, 
CW  Leo,  is  significantly  brighter  in  the  infrared  (-  a  factor  of 
10)  than  a  Ori.  Again,  each  pixel  corresponds  to  about  4.7  arcsec 
or  23  pradians. 
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Figure 


Figure  5:  Surface  plots  of  images  obtained  with  the  AESC  Bulk  Array.  These 
plots  follow  the  format  of  Figure  3.  The  brighter  source  permits  a 
more  detailed  examination  of  the  shape  and  intensity  distribution 
in  the  image.  The  faintest  sources  studied  were  also  detected  with 
this  array. 
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AESC  BULK  ARRAY 
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Figure  5 

STAR:  CW  LEO  =  AFGL  1318  =  IRC  +  10°216 


Figure  6:  Imagery  with  the  RI  BIBIB  Array.  This  array  had  a  different  format 
(10  x  50  vs.  16  x  32)  and  slightly  larger  pixel  size  (150  ym  vs. 
125  ym)  compared  to  the  arrays  used  to  obtain  the  data  in  Figures 
2-5.  This  resulted  in  each  pixel  corresponding  to  about  5.5  arcsec 
or  27  yrad;  thus  the  images  may  appear  a  little  more  condensed. 
The  same  star,  aOri,  shown  in  the  images  in  Figures  2  and  3  was 
used  to  obtain  these  data,  but  through  a  slightly  different 
spectral  filter.  Also,  only  126  frames  were  averaged  to  produce 
the  "source"  image,  and  126  frames  for  the  "background,"  in 
contrast  to  the  much  larger  number  of  frames  used  for  Figures  2- 
5.  Again  the  threshold  was  set  to  .9955  for  the  flat-fielded 
image,  and  6  pixels  fell  below  that  level  and  were  then  set  to 
black.  Pixel  (9,8)  was  set  to  1.0.  Given  the  large  height  of  this 
array,  modest  vignetting  of  the  top  -  and  bottom  of  the  array  was 
inevitable  as  a  result  of  the  physical  size  constraints  on  the 
dewar  optics. 
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RI  BIBIB  ARRAY 

STAR:  A  ORI  =  AFGL  836  =  IRC  +  10°  100 


Figure  7:  Surface  plots  of  images  obtained  with  the  RI  BIBIB  Array.  These 
plots  follow  the  format  of  Figures  3  and  5,  using  a  threshold  of 
.9955  and  pixel  (9,8)  set  to  1.0.  As  discussed  in  the  text,  the 
structure  in  the  surface  away  from  the  star  is  mostly  due  to 
multiplexer  characteristics:  a  more  recent  array  from  RI  exhibits 
virtually  no  structure  and  no  dead  or  hot  pixels. 
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W/VHz)  comparable  to  the  NEPs  of  astronomical  sensors  flown  on  the  KAO  at  the 
time.  It  thus  appears  more  likely  that  the  limit  was  associated  with  the 
facility,  rather  than  the  KITE  array  sensor  itself. 


V.  DISCUSSION  AND  CONCLUSIONS 


For  each  of  the  three  arrays  studied  in  this  program,  measurements  made 
during  flight  time  on  the  Kuiper  Airborne  Observatory  (KAO)  concentrated  on 
estimating  noise  and  on  observing  infrared  stars  of  known  brightness.  These 
measurements  have  allowed  us  to  quantitatively  characterize  the  performance 
and  sensitivity  of  the  three  arrays  while  they  were  operating  under  conditions 
that  stress  mechanical,  optical  and  electronic  systems  and  while  they  were 
viewing  a  background  that  is  typical  of  the  airborne  environment.  Due  to  the 
use  of  different  spectral  filtering  and  bias  voltages  for  the  different 
arrays,  the  array  performances  must  not  be  compared  to  each  other. 

All  of  the  infrared  arrays  that  we  tested  have  large  pixel-to-pixel 
variations  in  the  responsivity .  This  results  in  the  unprocessed  array  output 
looking  very  structured;  this  structure  effectively  hides  stellar  and  other 
signals  from  the  casual  observer.  Output  from  the  arrays  must  be  "flat- 
fielded"  before  it  gives  useful  information.  Even  after  flat-fielding,  there 
are  a  number  of  completely  insensitive  ("dead")  pixels  and  several  very  noisy 
("hot")  pixels  that  give  no  useful  data.  Table  1  lists  these  "unusual"  chan¬ 
nels  . 

The  noise  performance  for  each  of  the  arrays  is  well  represented  by  a 
normal  (or  gaussian)  distribution.  We  find  little  evidence  for  excess  noise 
that  appears  as  "tails"  in  the  signal  distributions  nor  do  we  find  any  sig¬ 
nificant  frequency -dependent  noise.  The  only  departure  from  a  gaussian  noise 
distribution  seems  to  be  caused  by  unevenly-spaced  channels  in  the  analog-to- 
digital  converters.  This  is  a  common  problem  with  successive-approximation 
encoders . 

Infrared  stars  of  known  brightness  were  measured  by  all  three  of  the 

arrays.  These  measurements  allow  us  to  convert  the  array  signals  into 

absolute  units  and  thereby  to  estimate  total  sensor  performance  (arrays  plus 

optics  plus  electronics).  In  general,  we  find  that  the  overall  Noise 

Equivalent  Power  (NEP)  of  each  of  the  systems  is  remarkably  similar  (1-2x10-1^ 
1  /? 

Watts/Hz  )  even  though  the  AESC  Bulk  array  uses  a  detector  technology  that 
is  usually  considered  far  from  optimal.  If  the  telescope  and  dewar  optical 
transmissions  are  taken  into  account,  we  derive  an  NEP  of  -  5x10 
watts/Hz^.  The  stellar  observations  also  show  that  the  optical  blur  is 
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TABLE  1 

Summary  of  Unusual  Channels 


Rockwel 1  BIBIB  Array 

Dead  Pixels  (<  60  counts/sample) 


0,9 

1.41 

5,1 

5,9 

7,0 

7,1 

7,6 

8,0 

9,1 

9,8 

"Hot"  Pixels 

(>  700  counts/sample) 

1,37 

1,42 

2,14 

2,29 

3,0 

3,24 

3,26 

5,35 

6,3 

7,20 

7,21 

8,11 

8,46 

9,18 

9,19 

9,27 

9,36 

High  Pixels  (<  hot  pixels,  but  criteria  depends  on  other  adjacent  pixels) 
2,37  2,48  5,37  7,43  8,16  8,39 

9,20  9,44 


Aerojet  MC2  Array 
Dead  Pixels 


0.1 

0,27 

1,2 

8,22 

10,25 

14,28 

+all  column  12 

Pixels 

(>  1.5  X 

average  for  the  column) 

1,13 

1,31 

2.11 

3,0 

3,13 

3,23 

6.4 

6,23 

9,13 

9,24 

9,29 

10,3 

11,17 

15,0 

15,20 

i  Pixels 

(<  hot  pixels,  criteria 

depends  on 

other  adjacent  pJ 

0,5 

0,22 

0,28 

2,23 

5,25 

5,28 

6,5 

6,22 

6,25 

6,26 

6,31 

8,4 

10,27 

10,28 

13,10 

14,27 

14,29 

15,1 

15,2 

15.5 

5,10 

15,19 

+al  1 

column  7 

Aerojet  Bulk  Array 

Dead  Pixels 

0,30  7,23 

Hot  Pixels 
none 


High  Pixels 

1,25  8,23  11,25 


NOTE:  Pixels  called  out  in  (column,  row)  format. 
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larger  than  the  -  2.5  arcsecond  (12  microradians)  diffraction-limit  of  a  36- 
inch  telescope;  the  full  width  at  half  maximum  of  the  image  is  typically  5-10 
arcseconds  (25-50  microradians).  We  cannot  say  whether  this  small  additional 
blurring  was  caused  by  misfocus  of  the  telescope  and  optics  or  by  turbulence 
in  the  telescope  cavity,  but  this  size  (~  7")  is  consistent  with  the  size 
quoted  in  the  seeing  study  report  which  was  also  part  of  the  KITE  program 
(Elliott  et  al . ,  1989).  In  the  seeing  study,  the  4  arcsecond  image  size  was 
attributed  to  a  combination  of  thermal  gradients  in  the  cavity,  leakage  of 
warm  cabin  air  into  the  cavity,  and  to  a  lesser  degree  to  mechanical  motion  of 
parts  of  the  telescope,  the  residual  miscollimation  or  misalignment  of  the 
telescope,  and  the  effects  of  the  boundary  layer.  On  a  subsequent  flight  with 
a  fixed  secondary  (as  opposed  to  the  oscillating  secondary  used  for  the  IR 
measurements)  and  with  thermal  gradients  minimized  and  focus  control  improved, 
3  arcsec  images  in  the  visible  were  obtained  by  Elliott  et  al.  At  that  point, 
cavity  turbulence  effects  and  telescope  effects  (alignment,  vibration,  figure 
errors)  were  probably  comparable  at  about  2  arcsec  each,  with  a  one  arcsec 
contribution  from  the  shear  layer,  and  these  were  combined  in  quadrature. 
This  is  consistent  with  the  Boeing  result  on  jitter  (Hibben  et  al .  '986), 
where  the  jitter  of  the  IR  image  centroid  was  less  than  1  arc  sec  on  a  variety 
of  time  scales. 

In  summary,  the  pixels  in  these  array  systems  performed  at  about  the 
level  of  sensitivity  of  individual  detectors  flown  on  astronomical  missions  by 
scientists  using  the  KAO.  The  level  of  performance  was  somewhat  worse  than 
predicted  by  optical  models,  even  after  allowance  was  made  for  some  excess 
background.  No  evidence  was  seen  for  anomalous  1/f  noise  in  the  arrays.  The 
source  of  the  extra  white  noise  is  not  known  for  certain,  but  we  suspect  there 
was  some  excess  multiplexer/electronics  noise  present,  as  there  was  not  enough 
time  to  check  out  possible  ground  loops  in  detail,  or  to  optimize  the  voltages 
used  to  drive  the  multiplexers.  On  the  positive  side,  stars  were  cleanly 
detected  with  all  three  arrays.  The  time-delay-and-integrate  experiment  (TDI) 
was  successfully  completed  with  the  results  very  close  to  theoretical  predic¬ 
tions  (Chu  et  al.  1986,  Hibben  et  al.  1986).  Successful  techniques  for 
acquiring,  storing,  and  processing  the  data  were  developed  and  used,  and  flat 
fielding  procedures  and  noise  analysis  techniques  were  successfully  developed 
and  are  now  available  for  use  on  other  programs.  Very  small  limits  on  Jitter 
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of  the  IR  image  were  measured,  providing  confidence  that  the  use  of  an  open 
port  telescope  on  an  airborne  platform  for  IR  imaging  at  the  <5  yrad  scale  is 
feasible . 
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Appendix  A 

Plots  of  Distributions  of  Output  Signals 

The  plots  on  the  following  pages  are  designed  to  give  the  general  reader 
a  feeling  for  the  data  which  can  only  come  from  seeing  the  behavior  of  repre¬ 
sentative  pixel  elements  in  some  detail,  while  at  the  same  time  providing 
detailed  information  on  the  performance  of  those  same  pixels  for  the  person 
interested  in  actual  performance  characteristics.  For  the  latter  person,  in 
particular,  the  tables  of  averages,  standard  deviation,  skew,  and  kurtosis 
found  in  the  main  body  of  the  text  will  supply  the  equivalent  numbers  for  all 
the  elements  of  each  array,  permitting  an  overall  view  of  the  important 
question  of  uniformity  across  the  array. 

Each  individual  plot  shown  resembles  at  half  scale  the  representative 

sample  in  Figure  A1.  The  data  are  generated  from  3200  frames  at  307 
microseconds  per  frame,  or  just  under  1  second.  During  this  period,  test 
conditions  have  remained  relatively  constant,  for  example  the  star  pointing 
will  have  been  held  constant  to  of  the  order  of  an  arcsec  (-5  uradians)  and 
the  background  conditions  will  be  steady  to  usually  <1*.  The  heading  of  each 
graph  gives  a  file  code  (which  can  be  used  to  identify  the  conditions  of  the 
test),  specifies  the  array,  and  indicates  the  column  and  row  number  of  the 
pixel  in  question.  Note  that  the  column/row  numbers  use  the  computer 

convention  of  beginning  at  zero;  thus  the  upper  left  pixel  is  0,0  and  the 
lower  right  pixel  is  either  15/32  (for  Aerojet)  or  9/49  (for  Rockwell).  During 
the  period  in  question,  each  pixel  will  have  3200  values,  distributed  around 
some  average  value.  The  abscissa  is  count  value;  the  ordinate  is  "frequency 
of  occurrence"  of  each  value,  normalized  to  the  number  of  times  the  most 
frequently  occurring  value  appeared,  which  in  the  case  of  Figure  A1  was  185. 
Thus  if  one  were  to  add  the  frequency  numbers  for  each  count  value  shown,  the 
total  would  be  3200/185.  Equivalently,  if  one  multiplied  the  plotted 
frequency  of  occurrence  of  each  ADC  value  times  the  normalization  for  that 

graph  one  would  obtain  the  number  of  times  during  the  3200  frames  that  that 

pixel  gave  the  corresponding  ADC  level  on  the  x  axis.  In  addition  to  the 
measured  frequency  shown  as  a  solid  line,  each  graph  shows  the  best  fit 
gaussian  distribution  as  a  dotted  line,  also  in  histogram  format  to  facilitate 
an  eyeball  comparison.  In  addition,  a  number  of  parameters  of  the  measured 
distribution  are  shown  in  the  upper  right  hand  corner.  These  are,  in  order 


A-1 


A- 2 


V)  • 

o>  >> 

=3  03  • 

•—  U  +-» 
03  W  X 

>  a  jo> 


D  21  ■  i 

O 

u  +J  c 
U  .r- 

(*_  a> 

O  -C?XJ 
O  a> 

£  £  £ 

|<5 

a_>  0) 


Xou#nb@jj 


The  pixel  is  from  channel  11,  row  12.  Other  parameters  are 


from  the  top,  average  count  value,  sigma,  chi-squared  per  degree  of  freedom, 
skew,  and  kurtosis.  The  mathematical  definition  and  significance  of  each  of 
these  values  are  discussed  in  more  detail  in  the  main  body  of  this  report  and 
below  under  the  noise  section.  Note  that  the  tables  of  average  count  value, 
etc.  for  the  entire  array  found  in  the  main  report  are  keyed  by  the  same  file 
numbers  found  in  the  heading  of  each  graph.  This  permits  ready  cross 
reference  with  individual  pixel  values  shown  here. 

The  arrangement  of  the  individual  plots  into  sets  is  made  in  a  manner 
designed  to  permit  contrasting  of  the  signals  seen  by  various  columns,  under 
various  conditions,  and/or  with  various  arrays.  First,  all  plots  used  are  half 
the  scale  of  Figure  A1;  thus  4  can  be  fit  on  each  page.  All  sets  are  set  up 
as  column-to-column  comparisons.  Thus,  for  example,  in  Appendix  A- 1 ,  two 
columns  of  data  from  the  Rockwell  BIBIB  array  are  lined  up  with  a  row  element 
from  column  0  on  the  left  and  the  same  row  element  but  from  column  4  on  the 
right.  Not  every  row  is  represented  in  each  set;  the  elements  involved  in 
each  are  called  out  in  a  cover  sheet  preceding  each  set.  The  cover  sheet  also 
briefly  describes  the  test  conditions  obtaining  for  each  data  set  and  other 
relevant  information. 
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Array:  Rockwell  BIBIB  Array 
Left 

Elements:  Column  0;  Rows  0-19 
Data  Run:  Background  #1 


Right 

Column  4;  Rows  0-19 
Background  #1 


Purpose:  Comparison  of  column/row  behavior  for  normal  background. 


Rock  BC  |1  c  0  r  0  (from  0)  ,  Rock  BG  1  c  4  r  0  (from  0) 
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Array:  Rockwell  BIBIB  Array 
Left 

Elements:  Column  0;  Rows  0-9 

Data  Run:  Background  #2 

Purpose:  Comparison  of  the  same 
background  measurements, 
other  elements  and  with 
measurement. 


Ri  qht 

Column  4;  Rows  0-19 
Background  #3 

detector  elements  for  two  different 
Compare  also  with  Appendix  A-3  for 
Appendix  A-l  for  another  background 
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APPENDIX  A- 3 

Array:  Rockwell  BIBIB  Array 

Left  Right 

Elements:  Column  4;  Rows  30-39  Column  4;  Rows  30-39 

Data  Run:  Background  #2  Background  #3 

Purpose:  Comparison  of  the  same  detector  elements  for  two  different 
background  measurements.  Compare  also  with  Appendix  A-2  for 
other  elements  and  with  Appendix  A-l  for  another  background 
measurement. 
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Array:  Rockwell  BIBIB  Array 
Left 


Elements : 

Column  0; 

Rows 

0-19 

Data  Run: 

Star  1_637 

Purpose: 

Compari son 

of 

behavior  of 

background 

and 

star  in  field 

Ri  qht 

Column  3;  Rows  0-19 
Star  1_637 

an  even  and  an  odd  column  for 


A-27 


Rock  Star  1,637  cOrO  (from  0) _  ,  _  Rock  Star  1,637 


0.0358 


Counts 


Rock  Star  1_6J7  c  0  r  6  (from  0)  _  .  _ Rock  Star  1_637  c  3  r  6  (from  0) 


Rock  Star  1_637  c  0  r  8  (from  0)  Rock  Stor  1-637  c  3  r  8  (from  0) 
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Counts 


Rock  Star  1j637  c  0  r  14  (from  0) _  ,  _  Rock  Stor  1  637  c  3  r  14  (from  0) 


Counts 


Rock  Stor  1_6J7  c  0  r  16  (from  0)  .  Rock  Stor  1_637 
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APPENDIX  A-5 


Array:  Aerojet  Bulk  Array 
Left 


Elements:  Column  2;  Rows  0-2, 
15-17,  30,  31 


Right 

Column  3,  Rows  0-2, 
15-17,  30,  31 


Data  Run:  Background  all_17 


Background  all_17 


Purpose:  Comparison  of  column  (even  vs  odd)/row  behavior  for  normal 
background.  Compare  also  with  Appendices  a-6  and  A-'/  for  other 
columns  on  the  same  run.  The  full  set  (A-5  to  A-7)  gives 
representative  results  across  the  whole  array  from  top  to  bottom 
and  left  to  right. 
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BULK  c  3  r  2  (from  0) 


011-17  BULK 
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Counts  Counts 


BULK  c  2  r  30  (from  0)  o  1 1  _1  7  BULK  c  3  r  30  (from  0) 


Count* 


APPENDIX  A- 6 


Array:  Aerojet  Bulk  Array 
Left 

Elements:  Column  4;  Rows  0-2, 
15-17,  30,  31 

Data  Run:  Background  al 1 _1 7 


Ri  qht 

Column  7,  Rows  0-2, 
15-17,  30,  31 

Background  al 1 _1 7 


Purpose:  Comparison  of  column  (even  vs  odd)/row  behavior  for  normal 
background.  Compare  also  with  Appendices  A-5  and  A-7  for  other 
columns  on  the  same  run.  The  full  set  (A-5  to  A-7)  gives 
representative  results  across  the  whole  array  from  top  to  bottom 
and  left  to  right. 
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mm 


282C 


011-17  BULK  c  4  r  16  (from  0)  _  . _ o11_17  BULK  e  7  r  16  (from  0) 


APPENDIX  A-7 


Array:  Aerojet  Bulk  Array 


Left 

Riqht 

El ements : 

Col umn  1 1 ;  Rows  0-2 , 

Column  15,  Rows  0-2, 

15-17,  30  ^1 

15-17,  30,  31 

Data  Run: 

Background  all_17 

Background  al 1 _1 7 

Purpose:  Comparison  of  column/row  behavior  for  normal  background. 

Compare  also  with  Appendices  A-5  and  A-6  for  other  columns  on 
the  same  run.  The  full  set  (A-5  to  A-7)  gives  representative 
results  across  the  whole  array  from  top  to  bottom  and  left  tc 
right. 
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(601  <H  pvriiouuou)  /ju#nb*j j 


(*6  oj  (MTgouuou)  AouOohojj 


APPENDIX  A-8 


Array: 


Aerojet  MC 


2 


Left 

Elements:  Column  2;  Rows  0-2, 
15-17,  30,  31 


Ri  qht 

Column  3,  Rows  0-2, 
15-17,  30,  31 


Data  Run:  Background  a9_35 


Background  a9_35 


Purpose:  Comparison  of  column  (even  vs  odd)/row  behavior  for  normal 
background.  Compare  also  with  Appendices  A-9  and  A- 1 0  for  other 
columns  on  the  same  run.  The  full  set  (A-8  to  A-10)  gives 
representative  results  across  the  whole  array  from  top  to  bottom 
and  left  to  right.  Compare  also  with  Appendices  A-ll  to  A- 1 3 
from  a  different  run. 
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A9_35  MC2  c  2  r  16  (from  0)  ,  A9-35  MC2  c  3  r  16  (from  0) 


Counts 


APPENDIX  A- 9 


Array: 


Aerojet  MC2 


Left 

Elements:  Column  4;  Rows  0-2, 
15-17,  30,  31 


Ri  oht 

Column  7,  Rows  0-2, 
15-17,  30,  31 


Data  Run:  Background  a9_35  Background  a9_35 

Purpose:  Comparison  of  column  (even  vs  odd)/row  behavior  for  normal 
background.  Compare  also  with  Appendices  A-8  and  A- 1 0  for  other 
columns  on  the  same  run.  The  full  set  (A-8  to  A-10)  gives 
representative  results  across  the  whole  array  from  top  to  bottom 
and  left  to  right.  Compare  also  with  Appendices  A-ll  to  A-13 
from  a  different  run. 


A-58 


Count* 


****** 


APPENDIX  A— 1 0 
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Array:  Aerojet  MC 
Left 

Elements:  Column  11;  Rows  0-2, 

15-17,  30,  31 

Data  Run:  Background  a9_35  Background  a9_35 

Purpose:  Comparison  of  column/row  behavior  for  normal  background. 

Compare  also  with  Appendices  A-8  and  A-9  for  other  columns  on 
the  same  run.  The  full  set  (A-8  to  A-10)  gives  representative 
results  across  the  whole  array  from  top  to  bottom  and  left  to 
right.  Compare  also  with  Appendices  A— 1 1  to  A— 1 3  from  a 
different  run. 


Ri  qht 

Column  15,  Rows  0-2, 
15-17,  30,  31 


A9— 35  MC2  c  1 1  r  0  (from  0)  ,  _ A9^35  UC2  c  15  r  0  (from  0) 


1520  1540  1560  1560  1600  1200  1210  1220  12JO  1240  t  250  1260  1270  1280 

Count*  Count* 


A9_J5  MC2  c  1 1  r  2  (from  0)  _  ,  _ _ A9^S5  MC2  c  15  r  2  (from  0) 


I70C  1 720  1740  1780  '*70  t  980  1990  2000  2010  2020  2030  2040 

Count*  Count* 


A9_35  MC2  c  11  r  16  (from  0)  ,  _  A9-55  MC2 
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APPENDIX  A-ll 


Array:  Aerojet  MC' 


Left 

Elements:  Column  2;  Rows  0-2, 
15-17,  30,  31 


Ri  qht 

Column  4,  Rows  0-2, 
15-17,  30,  31 


Data  Run:  Background  a9_36  Background  a9_36 

Purpose:  Comparison  of  column  (both  even)/row  behavior  for  normal 
background.  Compare  also  with  Appendices  A-12  and  A-13  for 
other  columns  on  the  same  run.  The  full  set  (A-ll  to  A-13) 
gives  representative  results  across  the  whole  array  from  top  to 
bottom  and  left  to  right.  Compare  also  with  Appendices  A-8  to 
A-10  from  a  different  run. 


A-68 


A9-36  MC2  2700  Frames  c  2  r  0  (from  0) _  ,  _ A9-36  MC2  2700  Frames  c  4  r  0  (from  0) 


Counts 


A9-36  MC2  2700  Frames  e  2  r  16  (from  0)  ,  A9J6  MC2  2700  Frames  c  4  r  1 6  (from  0) 


2J20  2340  2360  1380  2400  2420  2440  2380  2380  2400  2420  2440  2480  2480 

Counts  Counts 


A9-36  MC2  2700  Frames  c  2  r  30  (from  0) _  .  _ A9^56  MC2  2700  Fromes,  c  4  r  30  (from  0) 


Count* 
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Array:  Aerojet  MC 
Left 

Elements:  Column  3;  Rows  0-2, 

15-17,  30,  31 

Data  Run:  Background  a9_36  Background  a9_36 

Purpose:  Comparison  of  column  (from  near  left  and  near  right  sides  of 
array)/row  behavior  for  normal  background.  Compare  also  with 
Appendices  A-ll  and  A-13  for  other  columns  on  the  same  run.  The 
full  set  (A-ll  to  A-13)  gives  representative  results  across  the 
whole  array  from  top  to  bottom  and  left  to  right.  Compare  also 
with  Appendices  A-8  to  A-10  from  a  different  run. 


Right 

Column  1 1 ,  Rows  0-2, 
15-17,  30,  31 
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A9J6  MC2  2700  Frames  c  3  r  0  (from  0)  .  _ *9-36  MC2  2700  Frames 


Counts 


APPENDIX  A-l 3 
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Array:  Aerojet  MC 

Left  Right 

Elements:  Column  7;  Rows  0-2,  Column  15,  Rows  0-2, 

15-17,  30,  31  15-17,  30,  31 

Data  Run:  Background  a9_36  Background  a9_36 

Purpose:  Comparison  of  coiumn/row  for  normal  background.  Note  that 
column  7  was  abnormal  with  1)  low  count  values,  and  2)  all 
samples  falling  in  one  or  two  count  bins.  Column  15  is  normal 
as  can  be  seen  from  comparison  with  Appendices  A- 1 2  and  A—  1 3  for 
other  columns  on  the  same  run.  Compare  also  with  Appendices 
A-l  1  and  A-l 3  for  other  columns  on  the  same  run.  The  full  set 
(A-l  1  to  A-l 3)  gives  representative  results  across  the  whole 
array  from  top  to  bottom  and  left  to  right.  Compare  also  with 
Appendices  A-8  to  A-l 0  from  a  different  run. 


A- 78 


A9_J6  MC2  (2700  Frames)  c  7  r  2  (from  0) _ _  A9_36  MC2  2700  Frames 


Count* 


APPENDIX  A- 14 
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Array:  Aerojet  MC  (left)  and  Aerojet  Bulk  (right)  Arrays 

Left  Right 

Elements:  Column  0,  Rows  0-31  Column  0,  Rows  0-31 

Data  Run:  Star  a9_35  Background  a 1 1 _1 7 


o 

Purpose:  Comparison  of  HC  and  Bulk  arrays.  Rows  in  identical 

locations  in  the  representative  dewars  are  chosen.  Compare 

also  with  Appendix  A-15  where  column  5  (nearer  the  middle  of 

the  array)  is  selected  and  with  Appendix  A-16  where  full  sets 

of  data  from  columns  0  and  5  are  used.  Note  that  Appendix  A-15 

2 

uses  a  different  data  run  ( a9 _ 36)  for  the  MC  array.  The 

same  data  run  (a9]35)  is  used  for  Appendix  A-16. 
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A9_35  MC2  c  0  r  6  (from  0) 


Counts 
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A9_J5  MC2  cOr  14  (from  0)  ,  o1t_17  BULK  eOr  14  (from  0) 
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Array:  Aerojet  MC  (left)  and  Aerojet  Bulk  (right)  Arrays 

Left  Right 

Elements:  Column  5,  Rows  0-31  Column  5,  Rows  0-31 

Data  Run:  Background  a9_36  Background  all_17 

2 

Purpose:  Comparison  of  MC  and  Bulk  arrays.  Columns  in  identical 

locations  in  the  representative  dewars  are  chosen.  Compare 

also  with  Appendix  A-14  where  column  0  is  selected  and  with 

Appendix  A-16  where  full  sets  of  data  from  columns  0  and  5  are 

used.  Note  that  Appendices  A-14  and  A-16  use  a  different  data 

2 

run  (a9_35)  for  the  MC  array.  The  same  data  run  (al 1  _1 7 )  is 
used  for  the  Bulk  array  in  all  three  Appendices  (14-16). 
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Array:  Aerojet  MC  (left)  and  Aerojet  Bulk,  (right)  Arrays 

Left  Right 

Elements:  Column  5,  Rows  0-31  Column  0,  Rows  0-31 

Data  Run:  Star  a9_35  Background  al 1 _1 7 


2 

Purpose:  Comparison  of  MC  and  Bulk  arrays.  Note  that  different 

columns  are  used.  Direct  comparisons  with  equivalent  columns 

may  be  made  using  Appendices  A-14  and  A— 1 5 .  Note  that  Appendix 

2 

A— 1 5  uses  a  different  data  run  (a9_36)  for  the  MC  array. 
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Appendix  B 
Array  Performance 


The  tables  which  are  the  principal  part  of  this  section  display  parame¬ 
ters  which  define  the  array  performance  pixel-by-pixel  for  a  variety  of  dif¬ 
ferent  conditions.  In  each  case,  a  file  of  data  which  includes  3200  frames 
(at  307  microseconds  per  frame,  this  is  0.98  seconds  of  data)  is  used  to 
determine  the  statistical  parameters  described  in  the  section  on  noise  estima¬ 
tion  i.i  the  main  body  of  the  text.  For  each  parameter,  a  table  is  constructed 
in  which  the  value  for  each  pixel  is  entered  in  a  position  representing  its 
location  in  the  array.  The  reader  must  be  careful  to  note  however  that  our 
use  of  computer  format  to  number  the  columns  and  rows  could  introduce  some 
confusion.  Thus  for  the  Rockwell  BIBIB  array  which  has  10  columns  and  50  rows, 
the  array  is  listed  as  10  columns  of  50  numbers;  the  upper  left  and  lower 
right  numbers  are  for  pixels  cO,  rO  and  c9,  r49,  respectively,  with  the  10th 
number  down  the  5tn  column  corresponding  to  cM,  r9.  The  Aerojet  arrays  have 
16  columns  and  32  rows;  this  different  aspect  ratio  necessitates  laying  out 
the  equivalent  table  in  a  sideways  configuration,  but  in  all  other  respects 
the  tables  are  the  same  format. 

Table  B1  is  a  sumnary  of  relevant  test  conditions  for  each  of  the  tables 
to  follow.  The  conditions  apply  to  the  same  files  when  they  are  used  for  the 
plots  in  Appendix  A,  of  course,  and  thus  Table  B1  is  a  reference  for  that  data 
as  well. 

Figures  2-7  in  the  main  text  show  some  of  the  data  from  the  tables  which 
make  certain  features  of  the  arrays  easy  to  see.  For  each  of  the  two  Aerojet 
arrays  for  which  we  have  been  able  to  locate  a  star  sighting,  these  gray -scale 
plots  show  a  background  measurement,  a  similar  measurement  with  the  star  in 
the  field  of  view,  and  the  result  of  dividing  the  former  by  the  latter.  In 
addition  to  showing  the  impossibility  of  seeing  the  star  without  the  flat- 
fielding  and  removal  of  local  background,  these  figures  also  graphically 

p 

display  optical  characteristics  of  the  array  mountings  in  the  dewars.  The  MC 
array  is  vignetted  on  the  top  two  rows  and  left  three  columns  due  to  a  slight 
internal  misalignment.  The  bulk  array  is  vignetted  on  the  bottom  and  right 
for  a  similar  reason.  Examining  Figures  6  and  7  shows  that  the  Rockwell  array 
also  suffered  from  vignetting;  in  this  case,  however,  the  optics  w-  e  not 


B-1 


TABLE  B1 

Summary  of  Array  Tables 


Table  numbering  code  follows  the  convention: 

a  ■  average  b  -  variance  c  «  skewness  d  =  kurtosis 


Rockwell  BIBIB  Array 


Tables  B-Rl(a-d) 
Tables  B-R2(a-d) 
Tables  B-R3(a-d) 
Tables  B-R4(a-d) 
Tables  B-R5(a-d) 
Table  B-R6 
Table  B-R7 
Table  B-R8 
Table  B-R9 


Background  Run  #1  (BG  #1) 

Background  Run  #2  (BG  #2) 

Background  Run  #3  (BG  #3) 

Background  Run  #4  (BG  #4) 

Background  Run  #5  (BG  #5) 

(Average  BG  #l)/(Average  BG  #2) 

(Average  BG  #3)/(Average  BG  #2) 

(Average  BG  #4)/(Average  BG  #2) 

(Average  BG  #5)/(Average  BG  #2) 


Aerojet  MC2  Array 


Tables  B-AMl(a-d) 
Tables  B-AM2(a-d) 
Tables  B-AM3(a-d) 
Tables  B-AM4(a-d) 
Tables  B-AM5(a-d) 
Tables  B-AM6(a-d) 


Background  Run  #1  (BGM  #1)  Before  Star  Sighting 
Star  (a  Ori)  at  top;  Bias  -  2.0v  (Star  M  #1) 
Star  (a  Ori)  at  bottom;  Bias  -  1.8v  (Star  M  #2) 
Background  Run  #2  (BGM  #2)  After  Star  Sighting 

Background  Run  #3  (BGM  #3)  After  Star  Sighting 

Background  Run  #4  (BGM  #4)  After  Star  Sighting 


Aerojet  Bulk  S1B1  Array 


Tables  B-ABl(a-d) 
Tables  B-AB2(a-d) 
Table  B-AB3 


Star  (CW  Leo)  at  center  (Star  B  #1) 
Background  Run  #1  (BGB  #1) 

(Average  Star  B  #l)/(Average  BGB  #1) 
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large  enough  for  the  relatively  long  BiBIB  array,  with  the  result  that  there 
was  vignetting  both  at  the  top  and  the  bottom  of  the  array. 


Noise 


During  the  flights,  attempts  were  made  to  measure  the  noise  on  the  arrays 
in  several  ways.  One  pixel's  output,  as  a  DC  signal,  was  fed  into  an  Ithaco 
lock-in  amplifier  which  could  be  set  to  display  the  rms  noise  at  a  frequency 
between  ~  10  and  100  Hz,  with  a  user-set  bandwidth  of  1  Hz.  This  same  input 
was  fed  into  an  HP  3582A  spectrum  analyzer  which  uses  an  FFT  algorithm  to  get 
the  noise  spectrum.  In  the  course  of  making  chopped  observations  of  a  star, 
the  array  outputs  were  displayed  as  a  colored  "checkerboard"  display,  and 
watching  the  ~  15  H2  frame  rate,  one  could  watch  the  pixels  change  color  and 
gain  a  qualitative  idea  of  how  good  the  signal-to-noise  (S/N)  ratio  really  was 
in  terms  of  the  ability  to  "see"  the  star  on  the  screen. 

The  trace  shown  on  the  spectrum  analyzer  occasionally  exhibited  a  peak 
near  120  Hz,  and  when  playing  the  frames  back  in  a  movie  fashion,  it  appeared 
(to  at  least  one  of  the  authors)  that  there  might  be  a  low  frequency  modula¬ 
tion  of  the  general  background  level,  such  as  might  arise  from  the  off-axis 
response  of  the  instrument  to  seeing  different  parts  of  the  telescope  cavity, 
e.g.,  as  the  plane  moved  relative  to  the  telescope  in  flight. 

As  different  analysts  saw  different  effects  (or  none  at  all)  it  became 
apparent  that  an  objective  evaluation  was  necessary.  Procedures  were  written 
in  IDL  (Interactive  Data  Language)  on  the  Space  Sciences  Laboratory  VAX  to 
compute  the  moments  of  the  distributions  of  the  ADCs  (analog  to  digital 
counts)  for  each  pixel  over  a  file  of  nominally  3200  frames  or  pictures  or 
images.  If  these  3200  frames  were  down-loaded  from  a  28  track  tape,  they 
would  represent  300  ysec/frame  x  3200  frames/file  or  about  1  sec.  If  they 
were  stored  directly  by  The  Aerospace  Corporation  16  bit  computer  onto  9  track 
tape,  it  would  still  represent  about  1  sec  of  actual  integration,  but  over  an 
elapsed  time  of  about  4  sec.  Moreover,  these  frames  were  not  uniformly 
sampled  in  time;  sometimes  they  were  stored  as  1  of  every  3,  sometimes  as  1  of 
every  M  frames.  The  exact  number  is  stored  in  the  frame's  header  information, 
but  it  is  a  tedious  and  long  task  to  recover  the  information  and  process  the 
data  accordingly.  Thus,  it  was  deemed  inappropriate  to  attempt  FFT  analysis 
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on  the  non-consecutive  9  track  data  frames,  but  entirely  appropriate  to  use 
FFT  techniques  on  the  downloaded  28  track  data  which  were  sequential, 
consecutive  frames. 

However,  the  28  track  data  are  not  in  the  same  format  as  the  9  track 
data,  i.e.,  they  are  not  stored  by  frame.  Thus,  software  had  to  be  written  to 

search  for  a  sync  pulse,  scan  ahead  and  see  if  another  sync  pulse  occurred 

exactly  500  pixels  later  (for  RI  data),  and  if  so,  then  begin  writing  the 

resulting  frames  into  a  file.  If  not,  the  search  was  continued  pixel  by 

pixel.  In  view  of  the  known  spurious  sync  pulses  (which  were  so  numerous  in 
the  AESC  data  to  render  it  effectively  impossible  to  process),  this  was  a 
critical  operation  which  could  be  fooled  by  bad  data  some  of  the  time,  and 
needed  to  be  checked  quickly  and  well.  We  found  that  calculating  the  higher 
moments  of  the  distribution  served  as  an  excellent  test  of  the  quality  of  the 
data,  as  the  data  can  be  in  error  many  ways,  but  it  can  only  be  correct  one 
way  and  thus  give  reasonable  values  for  the  moments. 

The  moments  used  were  the  first,  the  average;  the  second,  computed  as  the 
2 

variance  (o  )  or  the  standard  deviation  ( o) ;  the  third,  the  skew,  and  the 
fourth,  the  Kurtosis.  These  can  be  represented  in  equation  form  as 

-  IXi  ...  . 

x  =  ~ 


V 


2 

a 


E(x.-x)2 

l 

N  -  1 


s 


E(x.  -  x)3]2 
[l(x.  -  x)2]3 


k 


_  4 

r(xi  -  x) 
(r(x.  -  x)2]2 


Due  to  the  fact  that  the  background  nearly  fills  the  "wells,"  modest 
differences  in  multiplexer  read  noise  do  not  usually  have  any  noticeable 
effect.  If  the  noise  were  due  tc  random  fluctuations  in  the  background,  we 
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would  expect  the  histogram  displaying  the  frequency  of  occurrence  of  a 
particular  ADC  vs  the  ADCs  observed  for  a  given  pixel  to  approximate  a  normal 
distribution.  (This  does  assume  enough  gain  and  enough  bits  so  that  the  noise 
will  trigger  several  ADC  levels.  For  the  good  columns  of  the  ACSC  arrays, 
this  was  certainly  the  case.  For  the  RI  array,  it  was  marginal.) 

This  average  or  mean  should  represent  the  most  likely  value  to  use  to  re¬ 
present  the  signal.  When  we  are  searching  for  IR  stars,  we  are  often  looking 
for  signals  from  a  few  counts  to  a  fraction  of  a  count.  The  standard  deviation 
represents  the  half-width  of  the  Gaussian  fit  to  the  histogram;  °mean  = 
o//n  is  the  uncertainty  in  the  average.  The  skew  represents  the  "shift"  of 
the  distribution  asymmetrically  from  the  mean,  and  the  kurtosis  how  peaked  the 
distribution  is  (see,  e.g.,  Cangelosi,  Taylor  and  Rice,  p.  54-57,  1979).  For 
most  of  the  good  pixels  on  any  of  the  arrays,  the  skews  were  close  to  zero  and 

the  kurtosis  -  2-5.  In  the  instances  where  there  were  frames  of  zeroes  (which 

occurred  for  unknown  reasons  in  the  AESC  9  track  tapes)  mixed  with  valid 
frames  or  where  the  sync  had  been  erroneously  identified  (as  happened  occa¬ 
sionally  on  RI  down-loaded  18  track  data),  the  skew  and  kurtosis  parameters 
assumed  values  orders  of  magnitude  too  large. 

2 

If  one  calculates  one  additional  quality  parameter,  the  x  /degree  of 

freedom  for  the  fit  of  an  optimized  Gaussian  to  the  histogram,  we  can  judge 

quite  well  whether  the  data  have  odd  frequency  components,  electrical  pickup, 

variable  width  A/D  bins,  etc.  Inasmuch  as  we  do  not  have  a  well  defined  error 

associated  with  the  number  of  times  we  measure  a  particular  ADC,  we  adopt  the 

2 

formal  definition  of  the  reduced  x  (see,  e.g.,  Introduction  to  Error  Analysis 
by  Taylor;  Univ  Sci  1982) 

^  ( expected -observed)^ 

_1  _ expected _ 

N  -  v 

This  essentially  assumes  the  uncertainty  in  a  given  measurement  of  occurrence 

of  an  ADC  level  is  the  square  root  of  the  fit  value.  Note  that  while  this 

2 

definition  does  result  in  unn<  urally  high  values  of  x  /degree  of  freedom  for 
any  distribution  with  even  one  or  two  ADC  levels  measured  where  the  fit  is 
close  to  zero,  it  is  a  uniform  way  of  assessing  the  fit.  The  reader  is  given 
ample  opportunity  to  assess  the  fits  himself;  see  the  figures  of  the  histo- 
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grains.  The  discussion  of  our  interpretation  of  the  noise  is  contained  in  the 
body  of  this  report  in  Sections  III,  IV,  and  V. 

P 

Some  specific  problems  did  show  up  in  these  data.  For  the  AESC  MC 
array,  one  column  (12)  went  dead,  and  one  was  definitely  not  well  behaved  (7) 
as  can  be  seen  in  Figure  2  of  the  main  body  of  the  report.  Note  that  all 
pixel  identifications  and  matrix  identifications  (column  and  row)  follow  the 
computer  convention  of  starting  at  zero. 
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Rock  bgl 

405.160 

387.761 

416.728 

446.827 

471.534 

461.313 

474.478 
475.776 
526.074 

47.373 

520.636 

526.446 
527.454 

520.677 
524.633 
515.135 
510.251 
623.623 

498.882 
496.268 
497.765 
503.770 

519.618 
657.750 

511.883 
507.972 
521.204 
517.209 
518.981 

516.637 

516.674 
514.120 
514.304 
587.621 
506 . 196 
496  727 
497.015 
493.782 
491.559 
485.544 
492.083 
484.069 

502.996 
485.752 
517.401 
475.916 

471.479 
463.193 
452.261 

429.698 


Table  B-Rla 
Rockwell  BIBIB  Array 
Background  Run  #1  (BG  #1) 

AVERAGE  COUNT/FRAME  FOR  3200  FRAMES 


Ave 

440.624 

414.612 

444.108 

691.267 

492.455 

488.818 
507.963 

523.125 
537.107 

548.741 
571.902 

585.171 

586.211 
580.571 
581.169 

572.126 

568.103 

561.123 
556.235 
555.370 
557.413 
559.427 
846.086 

542.600 
589.476 

565.255 
576.518 
570.443 
569.073 
571.134 

569.748 
564  582 
563.980 
558.704 
558.823 
547.653 

553.230 
785.563 
541.721 

540.677 

520.698 

43.724 

719.079 

535.570 

608.818 

524.123 

515.211 
504.652 

495.812 

469.425 


538.557 

421.925 

442.398 
471.542 
490.757 
495.343 
518.611 
536.431 
552.526 
563.138 
585.814 

635.813 
600.922 
595.346 
900.125 
585.522 
586.721 
582.045 

581.691 

578.741 
583.093 

586.674 

582.447 

580.925 

584.540 
583.118 
591.442 
586.008 

586.399 
948.693 
580.888 

580.692 
574.244 
571.305 
574.168 

563.375 

563.179 
730.832 
559.355 
555.049 
555.701 
547.740 
564.262 
543.547 

551.788 
538.655 
530.143 
517.807 
742.775 
476.370 


995.082 

420.595 

446.256 

472.818 

489.297 

492.557 

519.365 

533.062 

826.541 
557.672 
579.823 
594.227 
726.658 
643.433 
598.446 
593.497 

590.549 
587.289 
582.202 
585.946 
590.755 
596.111 
591.341 

589.426 

943.172 
585.444 

893.989 
588.004 

586.231 
586.328 
589.097 
584.237 

583.104 
572.496 
576.065 
568.668 
569.493 
572.088 
566.041 
555.288 
560.311 

555.541 
568.985 

554.813 

576.966 
545.279 
531.478 
519.411 
506.160 
483.774 


454.910 

427.157 

447.134 

471.309 

487.661 

495.996 

516.516 

531.029 

549.246 

560.390 

580.627 
651.739 

836.426 
594.663 

597.180 
591.089 

591.549 
587.346 
592.524 

590.989 
592.912 
597.933 
590.015 

589.919 
593.770 
592.039 

592.619 
587.948 
584.504 
590.047 
588.287 

584.399 
912.491 
572.029 
791.700 
564.522 
563.206 
569.660 

566.677 
558.861 
558.864 
550.409 
634.570 
554.801 

555.375 
541.877 

528.627 

520.387 

507.819 
484.508 


474.295 

15.746 

476.058 

496.518 

557.564 

512.188 

534.535 

554.195 

568.124 

26.992 

602.757 

612.417 

619.382 

615.786 

618.853 

612.551 

613.028 

609.882 
608.795 
686.380 
615.162 

619.338 
611.476 

614.882 
584.266 
613.548 

616.173 

610.883 
606.736 
607.214 
607.213 
604.200 

602.256 
595.359 

598.601 
832.050 
588.435 
709.495 

830.105 

569.675 
582.003 
574.956 
587.791 
574.728 
587.982 

559.884 
548.670 
539.057 
526.330 
523.807 


468.800 

442.338 

462.797 
886.949 

501.789 

547.749 

528.692 
545.514 
563.358 

572.966 

595.376 
605.307 
788.542 
609.012 
614.464 
609.345 

610.919 
605.709 
607.687 
609.141 

610.883 
641.918 
608.198 

611.749 

608.926 
608.031 

614.816 

608.797 
605.471 
603.581 

603.698 
601.131 

601.555 
596.767 
601.272 
592.635 

591.817 
589.064 
585.366 

578.448 
579.732 
572.954 
587.043 
571.328 
567.316 
553.626 
543.682 
533.854 
520.503 
525.977 
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20.089 

11.340 

462.558 

482.169 

498.331 

502.937 

20.945 

545.119 

559.291 

569.338 

591.615 

605.943 

619.553 

609.866 

614.551 

609.785 

612.233 

609.876 

609.901 

611.433 

859.298 

905.183 

675.132 

614.368 

613.176 

611.900 

615.633 

610.668 

606.989 

604.966 

607.164 

606.742 

606.098 

600.972 

605.345 

596.646 
5^.  916 
591.442 
617.284 

579.387 
580.076 

572.647 
585.640 
722.423 

562.678 
553.012 
541.708 
531.567 
518.154 
528.151 


20 . 601 
441.389 

457.388 
517.500 
490.107 
496.335 
520.099 
536.655 
547.803 

561.556 
576.524 
869.826 
602.295 

608.140 
610.986 
610.891 
790.079 

608.787 
613.052 
614.782 

611.180 

624.790 
608.188 
607.992 
608.999 
608.393 
609.200 
617.381 
603.063 
604.379 

613.141 

609.997 

606.556 

600.798 
605.839 
598.098 
601.587 
604.397 
638.858 
741.061 
580.733 

572.788 

586.919 
574.816 
567.740 
554.396 
859.235 
535.968 
523.531 
531.603 


463.270 

14.427 

524.226 

485.541 

497.425 
497.510 
522.661 

542.425 

20.105 

567 . 309 

579.080 

595.928 

610.623 

622.354 

635.550 

630.915 

637.607 

636.231 

845.866 

866.037 

780.138 

641.084 

620.086 

617.942 

617.715 

615.038 

616.695 

923.317 

609.012 

612.193 

631.611 

620.392 

611.248 

607.009 

613.078 

644.590 

847.970 

614.453 

613.079 

606.959 

590.615 

579.774 

598.337 

583.796 

774.038 

562.984 

554.844 

546.620 

530.257 

694.743 


Table  B-Rlb 
Rockwell  BIBIB  Array 
Background  Run  #1  (BG  #1) 

VARIANCE 


Rock  bgl  Sig~2 


4.102 

4.222 

4.272 

1.925 

1.929 

5.268 

5.125 

8.195 

9.247 

5.427 

3.132 

2.956 

3.238 

3.632 

1.934 

6.869 

4.330 

9.729 

3.933 

14.842 

3.376 

3.245 

3.356 

3.870 

5.003 

3.873 

4.258 

4.015 

4.234 

4.289 

4.318 

14.112 

3.163 

3.732 

1.530 

2.946 

2.127 

4.247 

3.663 

3.431 

3.472 

3.667 

3.872 

4.343 

1.886 

4.699 

4.251 

4.241 

4.092 

4.555 

4.131 

4.450 

4.450 

4.881 

1.860 

495.568 

6.333 

5.523 

5.607 

6.654 

3.004 

3.097 

3.098 

3.537 

2.001 

3.688 

3.859 

7.953 

3.648 

3.796 

3.781 

3.466 

3.644 

4.247 

2.229 

4.005 

4.849 

4.248 

4.256 

4.912 

3.969 

3.983 

4.315 

7.825 

2.192 

4.654 

5.764 

5.018 

4.912 

13.922 

2.665 

3.071 

3.203 

3.419 

1.965 

10.547 

4.131 

3.861 

3.794 

3.744 

5.896 

6.162 

6.372 

7.535 

3.122 

7.110 

8.169 

7.205 

7.244 

7.788 

2.954 

3.165 

3.171 

3.439 

1.774 

3.333 

4.702 

4.944 

1.242 

4.367 

3.438 

3.312 

3.397 

3.329 

1.746 

3.738 

3.818 

4.017 

3.803 

4.055 

5.606 

5.739 

5.982 

7.331 

2.795 

6.621 

7.830 

7.409 

7.176 

8.230 

5.709 

5.467 

4.632 

6.308 

2.931 

6.058 

7.429 

6.567 

6.968 

6.833 

5.376 

5.611 

6.253 

6.700 

2.762 

6.901 

7.546 

7.670 

7.081 

6.874 

3.535 

3.940 

4.034 

4.226 

1.819 

4.698 

4.955 

4.510 

5.361 

4.598 

5.230 

5.591 

6.123 

6.362 

4.187 

6.348 

6.508 

5.566 

7.350 

4.964 

4.447 

4.459 

4.673 

5.367 

2.454 

6.512 

5.849 

5.199 

4.884 

11.681 

3.574 

3.584 

3.721 

4.285 

1.766 

4.195 

4.431 

4.244 

4.106 

3.682 

3.282 

3.043 

3.274 

3.475 

1.756 

3.691 

4.284 

4.146 

3.752 

6.465 

2.746 

2.622 

2.907 

3.324 

1.939 

3.687 

3.693 

1.058 

3.268 

3.326 

3.276 

2.535 

3.034 

3.329 

1.751 

3.155 

3.752 

3.258 

4.256 

3.535 

4.798 

5.322 

5.717 

6.552 

3.164 

7.102 

6.416 

6.428 

7.346 

6.596 

3.466 

3.588 

3.964 

2.714 

2.239 

4.743 

4.560 

4.744 

6.067 

4.545 

3.805 

3.609 

3.604 

3.951 

2.103 

3.795 

5.100 

3.894 

4.154 

4.156 

3.789 

3.983 

3.859 

14.264 

1.943 

4.464 

4.947 

4.811 

5.112 

4.590 

3.790 

3.566 

3.983 

4.303 

2.213 

4.169 

4.985 

4.898 

4.538 

3.408 

5.403 

5.643 

5.745 

6.270 

2.700 

7.166 

6.814 

7.313 

6.837 

6.752 

2.804 

2.766 

0.902 

3.303 

1.787 

3.590 

3.995 

3.764 

3.585 

3.770 

3.313 

3.182 

3.199 

3.500 

2.058 

4.403 

3.971 

3.823 

3.489 

3.515 

83.901 

3.404 

3.515 

3.943 

1.970 

4.569 

4.428 

4.967 

4.055 

4.241 

165.945 

4.555 

4.669 

5.29*: 

0.548 

5.158 

5.943 

5.653 

6.947 

5.649 

3.238 

3.028 

3.426 

3.722 

1.949 

3.563 

4.118 

4.003 

3.628 

4.642 

3.388 

3.209 

3.760 

4.444 

1.662 

3.804 

4.655 

4.552 

4.877 

4.382 

3.331 

3.204 

3.462 

3.623 

1.964 

3.057 

4.071 

3.887 

3.818 

3.777 

3.272 

3.456 

3.530 

3.764 

1.872 

3.754 

3.726 

3.674 

3.545 

6.032 

2.697 

3.046 

2.607 

3.274 

1.968 

3.090 

3.520 

3.091 

3.247 

3.222 

2.976 

2.783 

2.879 

3.421 

1.966 

4.378 

3.621 

3.835 

3.823 

3.595 

3.394 

3.300 

3.520 

3.821 

1.632 

4.059 

4.591 

4.195 

3.561 

4.390 

4.677 

5.303 

5.208 

5.757 

2.131 

6.432 

5.394 

4.775 

4.292 

4.739 

3  973 

5.256 

4.270 

4.665 

2.369 

5.776 

5.479 

4.899 

4.794 

5.497 

2.729 

2.378 

3.003 

3.286 

1.714 

3.557 

3.717 

3.678 

3.235 

3.432 

2.429 

2.444 

2.739 

2.632 

1.561 

2.802 

2.996 

3.113 

2.935 

2.929 

3.159 

2.716 

2.645 

3.337 

1.721 

3.266 

3.447 

3.364 

3.159 

3.267 

2.676 

2.608 

2.775 

2.971 

1.652 

2.503 

3.732 

3.527 

3.352 

4.285 

3.524 

84.646 

3.912 

4.228 

1.644 

4.504 

4.640 

4.432 

1.485 

4.596 

6.419 

6.670 

6.917 

7.741 

2.962 

7.589 

9.326 

8.567 

8.141 

8.514 

6.054 

5.702 

5.476 

6.662 

3.780 

5.910 

8.279 

7.799 

7.489 

8.772 

8.791 

8.460 

9.109 

9.024 

6.811 

8.420 

9.348 

9.644 

9.455 

7.514 
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Table  B-Rlc 
Rockwell  BIBIB  Array 
Background  Run  #1  (BG  #1) 

SKEWNESS 


Rock  bgl  Skew 


0.001 

0.010 

0.048 

0.005 

0.115 

0.003 

0.112 

0.114 

0.277 

0.104 

0.005 

0.030 

0.004 

0.000 

0.012 

0.137 

0.004 

0.149 

0.000 

0.105 

3.096 

0.018 

0.014 

0.004 

211.053 

0.022 

0.001 

0.016 

0.019 

0.002 

86.369 

16.551 

0.015 

0.005 

0.000 

0.045 

0.552 

6.921 

0.002 

0.010 

0.009 

0.016 

0.001 

0.009 

0.026 

0.001 

0.003 

0.000 

0.002 

0.008 

0.013 

0.005 

0.041 

0.010 

0.006 

513.421 

0.015 

0.022 

0.037 

0.001 

0.073 

0.088 

0.120 

0.085 

0.150 

0.045 

0.089 

0.712 

0.094 

0.158 

0.008 

0.042 

0.011 

0.002 

0.014 

0.044 

0.002 

0.004 

0.018 

0.028 

0.063 

0.040 

0.114 

0.059 

0.000 

0.114 

0.140 

0.104 

0.048 

0.091 

0.046 

0.011 

0.000 

0.004 

0.002 

0.131 

0.019 

0.025 

0.045 

0.082 

0.001 

0.001 

0.000 

0.008 

0.026 

0.003 

0.005 

0.007 

0.013 

0.049 

0.043 

0.077 

0.035 

0.079 

0.009 

0.069 

4.261 

14.839 

0.304 

0.123 

0.149 

0.127 

0.042 

0.029 

0.077 

0.128 

0.015 

0.098 

0.071 

0.045 

0.029 

0.022 

0.016 

0.005 

0.003 

0.011 

0.406 

0.884 

0.027 

0.154 

0.113 

0.147 

0.063 

0.088 

0.127 

0.111 

0.188 

0.165 

0.088 

0.203 

0.007 

0.004 

0.003 

0.008 

0.001 

0.000 

0.002 

1.304 

0.006 

0.005 

0.013 

0.008 

0.013 

0.007 

0.013 

0.018 

0.014 

0.005 

0.034 

0.003 

0.167 

0.136 

0.085 

0.055 

0.081 

1.368 

2.365 

0.077 

6.981 

0.012 

0.000 

0.001 

0.002 

0.018 

0.032 

4.998 

4.507 

0.627 

0.000 

0.005 

0.293 

0.130 

0.172 

0.200 

0.006 

0.776 

0.206 

0.183 

0.155 

2.477 

0.000 

0.011 

0.003 

0.001 

0.000 

0.002 

0.753 

0.003 

0.000 

0.035 

0.106 

0.113 

0.100 

0.092 

0.206 

0.087 

0.168 

0.567 

0.129 

0.130 

0.011 

0.000 

0.000 

0.071 

0.039 

0.003 

1.759 

0.003 

9.328 

0.001 

0.071 

0.095 

0.060 

0.101 

0.170 

0.143 

0.025 

0.044 

1.314 

0.050 

0.012 

0.009 

0.001 

0.076 

0.003 

0.000 

0.036 

0.014 

7.739 

0.027 

0.025 

0.037 

0.047 

0.072 

0.198 

0.056 

9.406 

0.064 

0.077 

0.071 

0.007 

0.016 

0.004 

620.340 

0.021 

0.004 

0.003 

0.001 

1.620 

0.014 

0.000 

0.003 

0.001 

0.000 

0.021 

0.004 

0.740 

0.436 

0.000 

0.013 

0.003 

0.001 

0.000 

0.003 

0.034 

0.032 

0.009 

0.998 

0.008 

0.075 

0.001 

0.008 

0.108 

0.004 

0.217 

7.998 

2.746 

2.363 

0.036 

0.065 

0.004 

0.016 

0.028 

0.026 

0.006 

17.739 

0.048 

1.473 

0.049 

0.066 

2872.932 

0.006 

0.017 

0.011 

0.017 

6.470 

0.014 

13.079 

0.046 

0.005 

1482.072 

0.041 

0.047 

0.034 

0.023 

0.041 

0.037 

3.149 

9.115 

0.007 

0.007 

0.001 

0.013 

0.005 

0.107 

0.001 

0.017 

0.000 

0.000 

8.726 

0.005 

0.000 

0.052 

0.007 

0.020 

0.005 

0.030 

0.944 

4.038 

0.046 

0.027 

0.027 

0.061 

0.010 

0.022 

0.022 

0.046 

0.007 

0.015 

0.005 

0.011 

0.001 

0.018 

0.000 

0.007 

0.013 

0.006 

0.008 

0.002 

0.010 

0.533 

0.137 

0.472 

0.673 

0.201 

0.621 

0.855 

0.627 

0.603 

0.776 

0.002 

0.021 

0.003 

0.010 

0.218 

0.002 

0.002 

0.003 

0.059 

0.009 

0.024 

0.037 

0.046 

0  039 

0.037 

0.040 

0.083 

0.041 

0.049 

1.816 

0.007 

0.053 

0.027 

0.020 

0.034 

0.048 

0.021 

0.020 

0.025 

0.020 

0.019 

0.051 

0.056 

0.079 

0.059 

33.301 

0.025 

0.083 

0.053 

0.119 

0.008 

0.027 

0.019 

0.031 

0.027 

0.004 

0.015 

0.014 

0.002 

0.000 

0.091 

0.037 

0.029 

0.049 

0.143 

0.241 

0.147 

0.284 

0.216 

0.218 

0.001 

3.910 

0.015 

0.002 

0.013 

0.002 

0.015 

0.000 

0.042 

0.001 

0.033 

0.034 

0.033 

0.005 

0.130 

0.032 

0.101 

0.063 

0.080 

0.185 

0.008 

2761.702 

0.002 

0.001 

0.001 

0.011 

0.002 

0.057 

0.000 

0.018 

0.159 

0.133 

0.136 

0.118 

0.045 

0.239 

0.123 

0.197 

0.170 

0.150 

0.005 

0.031 

0.020 

0.021 

0.028 

0.000 

0.042 

0.025 

0.027 

0.005 

0.000 

0.000 

0.006 

0.001 

0.007 

0.011 

0.000 

0.006 

0.001 

0.000 
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Table  B-Rld 
Rockwell  BIBIB  Array 
Background  Run  #1  (BG  #1) 

KURTOSIS 


Rock  bgl  Kurt 


4.466 

4.493 

4.730 

2.892 

4.640 

5.147 

4.941 

4.570 

4.700 

4.298 

3.002 

3.225 

2.948 

2.867 

3.204 

3.862 

2.804 

3.325 

2.880 

3.180 

33.864 

3.018 

2.768 

3.023 

416.326 

2.763 

2.891 

3.145 

2.830 

2.885 

285.921 

24 . 500 

2.936 

2.860 

3.921 

3.206 

4.896 

37.765 

2.821 

3.020 

2.796 

2.631 

2.588 

2.614 

2.927 

3.866 

2.734 

2.699 

2.729 

4.024 

2.813 

2.652 

3.794 

2.841 

3.455 

519.965 

2.712 

2.984 

3.501 

2.680 

3.351 

3.678 

3.638 

3.409 

3.752 

3.528 

3.409 

4.743 

3.714 

3.609 

2.761 

2.922 

2.932 

3.015 

2.959 

2.882 

2.695 

2.942 

2.893 

2.959 

5.382 

3.732 

3.964 

3.538 

3.322 

4.190 

4.300 

4.066 

3.827 

3.308 

3.036 

2.914 

3.430 

5.251 

3.166 

2.797 

3.086 

2.766 

2.970 

3.277 

2.926 

2.885 

2.819 

2.877 

2.944 

2.779 

2.704 

2.909 

2.812 

2.823 

3.129 

3.050 

3.015 

3.083 

3.056 

3.002 

38.654 

62.790 

2.795 

3.131 

4.748 

3.377 

3.359 

3.535 

3.461 

3.333 

3.559 

3.565 

3.228 

3.255 

2.876 

2.900 

2.688 

2.822 

2.801 

2.860 

6.771 

10.664 

2.793 

3.702 

2.877 

2.979 

2.710 

3.072 

3.281 

2.797 

2.975 

3.007 

10.633 

2.957 

2.718 

2.845 

2.832 

2.937 

3.255 

2.660 

2.734 

13.812 

2.684 

2.922 

3.164 

3.429 

3.233 

3.353 

4.188 

3.432 

3.031 

3.272 

3.264 

3.334 

4.089 

3.265 

2.958 

2.927 

2.731 

13.609 

20.559 

2.950 

30.622 

3.007 

3.577 

3.400 

3.384 

3.582 

3.419 

27.143 

28.893 

11.371 

3.389 

2.868 

4.649 

3.589 

3.654 

3.506 

3.876 

7.663 

3.508 

3.610 

3.771 

19.258 

3.079 

3.172 

3.121 

3.079 

2.961 

2.963 

13.278 

2.894 

3.281 

3.064 

3.533 

3.520 

3.282 

3.147 

3.381 

3.053 

3.397 

4.108 

3.329 

3.281 

3.080 

3.031 

3.089 

4.532 

2.883 

2.825 

22.488 

2.849 

48.366 

3.019 

3.005 

3.128 

3.023 

3.043 

3.034 

2.987 

2.852 

3.015 

18.333 

3.002 

3.162 

3.036 

2.976 

5.700 

2.944 

2.908 

3.098 

3.031 

36.134 

3.109 

3.221 

3.291 

3.603 

3.393 

4.104 

3.498 

46.404 

3.175 

3.282 

3.624 

3.082 

2.998 

3.123 

851.469 

3.552 

3.123 

3.000 

3.057 

21.287 

3.145 

2.804 

2.872 

2.808 

2.782 

3.241 

2.833 

13.028 

11.010 

2.871 

2.683 

3.019 

3.026 

2.894 

3.021 

3.219 

3.125 

3.018 

14.846 

2.936 

8.361 

3.329 

4.031 

3.233 

3.764 

3.707 

52.329 

33.988 

32.894 

4.131 

3.850 

2.890 

3.218 

2.915 

3.152 

3.003 

67.489 

3.177 

25.019 

3.320 

3.846 

2977.886 

2.830 

2.799 

2.960 

3.168 

45.828 

2.761 

56.568 

2.924 

4.856 

1520.265 

2.991 

3.182 

3.003 

2.796 

2.940 

2.895 

25.432 

37.673 

3.008 

2.906 

5.547 

3.048 

3.051 

3.632 

2.915 

3.014 

2.799 

3.076 

47.530 

2.873 

4.939 

2.821 

2.606 

3.437 

3.090 

2.538 

21.615 

33.822 

2.544 

4.270 

3.052 

3.723 

3.134 

3.017 

3.244 

3.432 

3.414 

3.702 

3.128 

3.937 

2.795 

3.337 

2.918 

3.194 

2.843 

2.995 

2.827 

2.901 

2.806 

4.559 

3.962 

4.746 

5.169 

3.875 

5.185 

5.206 

5.430 

4.884 

5.008 

3.199 

3.208 

3.271 

3.526 

3.706 

2.727 

3.362 

3.029 

3.436 

3.578 

2.920 

2.945 

3  014 

2.921 

3.237 

2.892 

3.121 

2.930 

2.932 

19.866 

2.703 

2.375 

2.545 

2.593 

2.972 

2.444 

2.850 

2.658 

2.755 

2.881 

2.861 

2.839 

3.039 

2.946 

3.049 

149.104 

2.966 

3.068 

2.976 

3.118 

3.591 

3.611 

3.111 

3.311 

3.182 

2.928 

3.151 

3.148 

3.292 

3.614 

3.327 

3.425 

3.347 

3.585 

3.701 

3.837 

3.929 

6.947 

4.101 

4.694 

2.755 

/  .707 

2.978 

2.722 

3.399 

2.712 

3.059 

2.908 

3.823 

3.064 

2.990 

3.102 

3.190 

2.921 

3.116 

5.808 

3.096 

3.066 

3.29 

4.159 

3.230 

2900.710 

2.961 

2.921 

3.234 

3.102 

3.227 

3.299 

3.162 

3.256 

3.059 

2.747 

2.766 

2.759 

3.082 

2.811 

2.816 

2.856 

.2.948 

2.892 

3.265 

3.973 

3.421 

3.386 

3.313 

3.598 

3.299 

3.286 

3.179 

2.990 

3.017 

2.733 

2.787 

2.775 

2.477 

2.778 

2.877 

2.814 

2.883 

2.940 
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Table  B-R2a 
Rockwell  BIBIB  Array 
Background  Run  #2  (BG  #2) 

AVERAGE  COUNT/ FRAME  FOR  3200  FRAMES 


Rock  BG  §2  AVE  of  3200  frames 
405.221  440.667  538.737  995.083  454.527 

387.640  414.615  421.963  420.824  426.767 

416.790  444.311  442.497  446.446  446.896 

446.305  690.581  471.044  472.363  470.566 

471.822  492.536  490.980  489.566  487.483 

461.412  488.858  495.633  492.752  495.507 

474.293  507.757  518.534  519.274  516.108 

475.688  523.189  536.426  533.042  530.453 

525.853  536.812  552.131  826.833  548.656 

47.192  548.380  562.748  557.359  559.461 

519.983  571.380  585.384  579.287  579.917 

526.261  584.818  635.616  593.848  651.009 

527.270  585.929  600.747  726.649  835.988 

520.202  580.079  595.001  643.300  593.868 

524.541  581.133  900.618  598.809  596.575 

514.800  571.631  585.063  593.198  590.281 

510.489  568.195  586.719  590.586  590.999 

623.943  560.915  581.891  587.275  586.643 

498.834  556.096  581.615  582.061  591.917 

496.177  555.320  578.590  585.813  590.317 

497.942  557.539  583.263  590.999  592.594 

503.834  559.404  586.651  596.145  597.482 

519.389  846.196  582.350  591.046  589.400 

658.825  542.531  580.812  589.447  589.470 

511.886  589.223  584.459  943.180  593.317 

507.827  565.127  582.967  585.507  591.258 

521.173  576.151  591.203  894.231  591.905 

517.378  570.466  586.086  587.996  587.403 

518.933  569.122  586.372  586.278  583.934 

516.317  570.852  948.814  586.270  589.205 

516.625  569.592  580.787  589.222  587.471 

513.543  564.211  580.398  583.836  583.601 

513.643  563.810  574.085  582.978  911.932 

587.158  558.598  571.216  572.327  571.199 

506.057  558.887  574.390  576.251  791.271 

496.342  547.384  563.041  568.477  563.653 

496.924  552.944  563.336  569.580  562.795 

493.516  786.602  731.006  571.965  568.894 

491.560  541.448  559.244  566.094  566.096 

485.313  540.487  554.826  555.235  558.250 

491.650  520.104  555.323  559.808  558.158 

484.004  43.615  547.654  555.502  549.692 

503.209  719.783  564.397  569.264  634.191 

485.799  535.507  543.526  554.803  554.391 

517.190  608.582  551.501  576.892  554.645 

475.707  524.019  538.541  545.184  541.247 

471.870  515.515  530.722  532.000  528.526 

462.989  504.485  517.870  519.633  519.966 

452.798  496.030  743.393  506.522  507.964 

430.580  470.214  477.294  484.700  484.768 
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474.339  468.788  21.147  21.814  463.847 

16.192  442.438  11.954  441.610  15.313 

476.321  463.242  462.848  457.849  525.088 

496.349  886.896  481.941  517.210  485.391 

557.739  502.169  498.750  490.549  497.777 

511.723  548.322  503.254  496.690  498.044 

534.482  528.761  22.011  520.300  523.131 

554.370  545.656  545.247  536.778  542.914 

567.818  563.010  559.259  547.677  21.331 

27.211  572.646  569.178  561.375  567.327 

602.325  594.890  591.192  576.261  579.268 

612.064  605.081  605.813  869.732  596.074 

619.159  788.415  619.559  602.398  610.727 

615.536  608.713  609.761  608.090  622.372 

618.980  614.632  614.823  611.363  635.998 

612.328  609.147  609.618  610.867  630.922 

613.163  611.204  612.325  790.423  637.846 

609.835  605.820  610.068  608.836  636.348 

608.676  607.431  609.747  613.125  846.054 

686.362  608.994  611.525  614.805  866.412 

615.403  611.392  859.675  611.514  780.846 

619.439  641.930  905.234  625.067  641.403 

611.228  608.047  674.956  608.009  619.993 

614.951  611.899  614.606  607.998  617.964 

584.172  609.013  613.216  608.872  617.904 

613.507  607.967  611.902  608.584  615.341 

616.047  614.779  615.794  609.036  616.747 

610.952  608.822  610.853  617.654  923.130 

606.892  605.524  607.131  603.329  609.286 

607.038  603.322  604.887  604.525  612.220 

607.270  603.656  607.279  613.364  631.897 

603.809  600.822  606.503  609.758  620.165 

602.034  601.391  605.957  606.620  611.287 

595.404  596.750  600.939  600.787  607.061 

598.792  601.444  605.717  606.109  613.478 

832.444  592.576  596.418  597.995  644.800 

588.543  592.039  596.018  601.847  848.564 

709.618  589.051  591.387  604.460  614.611 

828.530  585.499  617.470  639.203  613.333 

569.742  578.321  579.200  741.194  606.977 

r 81. 810  579.347  579.859  580.433  590.587 

575.007  573.062  572.613  572.865  579.912 

587.903  587.262  585.975  587.309  598.544 

574.676  571.511  722.998  574.969  584.039 

587.916  567.092  562.724  567.722  774.585 

559.836  553.601  553.164  554.493  562.969 

549.001  544.231  542.223  859.577  555.517 

539.083  534.057  531.841  536.271  547.010 

526.664  520.747  518.481  524.149  531.001 

524.793  526.742  529.025  532.457  695.888 
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Table  B- 

-R2b 

Rockwell  BIBIB  Array 

Background  Run  #2  (BG  #2) 

VARIANCE 

Rock  BG  #2  -  VAR 

of  3200 

f  rames 

4.584 

4.675 

4.991 

1.933 

2.292 

5.850 

5.693 

7.221 

7.650 

5.864 

3.109 

2.624 

3.109 

3.577 

1.815 

5.729 

4.170 

7.849 

3.678 

11.607 

2.950 

3.154 

3.427 

4.029 

4.633 

3.709 

4.044 

3.757 

3.878 

4.036 

4.046 

7.923 

2.851 

3.500 

1.449 

2.971 

1.872 

3.989 

3.703 

3.220 

3.490 

3.678 

3.870 

4.391 

1.894 

4.695 

4.591 

4.181 

3.930 

4.394 

3.750 

3.945 

3.892 

4.310 

1.758 

167.961 

5.370 

4.674 

4.830 

5.369 

3.01* 

3.085 

3.052 

3.564 

1.839 

3.760 

3.913 

5.671 

3.460 

3.522 

3.456 

3.292 

3.414 

3.987 

2.045 

3.457 

4.611 

3.835 

3.939 

4.316 

3.824 

4.079 

4.059 

7.334 

2.188 

4.499 

5.476 

5.091 

4.665 

10.070 

2.739 

3.341 

3.473 

3.695 

2.065 

10.602 

4.481 

4.270 

3.964 

4.099 

4.806 

5.056 

5.340 

6.293 

2.581 

5.742 

6.761 

5.773 

5.759 

6.446 

2.690 

2.817 

2.791 

3.161 

1.700 

3.089 

4.291 

3.819 

1.219 

3.768 

2.814 

2.813 

2.862 

2.969 

1.493 

3.089 

3.285 

3.259 

3.020 

3.303 

5.515 

5.737 

6.012 

7.437 

2.747 

6.620 

8.007 

7.909 

8.228 

8.042 

4.849 

4.728 

3.993 

5.510 

2.479 

5.272 

6.448 

5.603 

5.402 

5.585 

4.730 

5.208 

5.670 

6.075 

2.597 

6.544 

7.476 

6.406 

6.623 

6.094 

85.480 

3.623 

3.906 

4.270 

1.645 

4.416 

4.987 

4.356 

5.330 

4.184 

S5.035 


84.694 


19.500 


11.341 


Table  B-R2c 
Rockwel 1  BIBIB  Array 
Background  Run  #2  (BG  #2) 

SKEHNESS 


Rock  BG  #2  -  Skew  of  3200 
0.190  0.271  0.385 

frames 

0.001 

0.074 

0.307 

0.470 

0.022 

0.002 

0.289 

0.008 

0.036 

0.016 

0.021 

0.037 

0.155 

0.006 

0.219 

0.005 

0.203 

0.002 

0.002 

0.002 

0.025 

272.557 

0.009 

0.001 

0.006 

0.010 

0.001 

108.935 

24.552 

0.033 

0.014 

0.029 

0.681 

0.407 

8.753 

0.005 

0.003 

0.006 

0.026 

0.004 

0.025 

0.031 

0.019 

0.000 

0.001 

0.009 

0.018 

0.013 

0.005 

0.059 

0.010 

0.007 

1473.315 

0.022 

0.028 

0.111 

0.004 

0.133 

0.058 

0.077 

0.094 

0.085 

0.011 

0.091 

0.598 

0.035 

0.111 

0.001 

0.021 

0.001 

0.000 

0.000 

0.018 

0.000 

0.000 

0.002 

0.015 

0.160 

0.067 

0.119 

0.023 

0.000 

0.146 

0.104 

0.450 

0.081 

0.058 

0.029 

0.007 

0.000 

0.001 

0.017 

0.052 

0.000 

0.000 

0.002 

0.007 

0.007 

0.002 

0.001 

0.012 

0.015 

0.006 

0.003 

0.008 

0.008 

0.059 

0.054 

0.035 

0.015 

0.020 

0.018 

0.035 

6.368 

7.681 

0.341 

0.135 

0.004 

0.031 

0.004 

0.001 

0.013 

0.043 

0.000 

0.022 

0.037 

0.006 

0.030 

0.023 

0.053 

0.009 

0.007 

0.027 

0.396 

2.431 

2.801 

0.155 

0.122 

0.053 

0.075 

0.061 

0.077 

0.067 

0.077 

0.087 

0.139 

0.139 

0.014 

0.001 

0.000 

0.001 

0.012 

0.071 

1.556 

0.239 

0.082 

0.006 

2835.158 

0.171 

0.116 

0.138 

0.016 

0.197 

0.704 

0.087 

0.082 

0.036 

0.112 

0.129 

0.055 

0.064 

0.079 

1.239 

0.028 

1.284 

1.330 

0.058 

0.040 

0.065 

0.088 

0.123 

0.148 

1.298 

0.223 

0.177 

0.061 

0.013 

0.331 

0.202 

0.212 

0.296 

0.027 

0.916 

3.853 

0.246 

0.204 

0.376 

0.007 

0.186 

0.000 

0.001 

0.005 

0.002 

0.591 

0.001 

0.008 

0.0.  t 

0.030 

0.056 

0.056 

0.054 

0.069 

0.117 

0.062 

0.233 

0.085 

0.069 

0.051 

0.012 

0.023 

0.026 

0.009 

0.044 

7.850 

0.026 

18.429 

0.027 

0.026 

0.094 

0.075 

0.146 

0.113 

0.194 

0.049 

0.059 

3.389 

0.050 

2832.865 

0.004 

0.001 

0.391 

0.000 

0.001 

0.985 

0.004 

7.793 

0.025 

0.000 

0.003 

0.001 

0.003 

0.106 

0.009 

0.002 

0.564 

8.726 

0.003 

0.007 

0.008 

0.010 

540.292 

0.050 

0.001 

0.001 

0.000 

8.045 

0.004 

0.018 

0.013 

0.003 

0.005 

0.016 

0.681 

0.004 

0.008 

0.010 

0.000 

0.003 

0.014 

0.019 

0.000 

0.004 

0.994 

0.798 

2.564 

1.462 

0.000 

0.009 

0.000 

0.042 

0.000 

0.089 

22.438 

0.001 

2.854 

3.672 

0.005 

0.006 

0.002 

0.009 

0.006 

0.001 

2.138 

0.019 

10.260 

0.038 

0.016 

0.018 

0.001 

0.005 

0.000 

0.007 

0.017 

0.000 

6.843 

2.674 

0.043 

0.070 

0.036 

0.026 

0.027 

0.019 

0.028 

0.053 

1.519 

1.227 

0.027 

0.001 

0.009 

0.001 

0.000 

0.021 

0.011 

0.000 

0.003 

0.019 

5.196 

0.026 

0.038 

0.081 

0.064 

0.092 

0.008 

0.077 

13.991 

6.693 

0.150 

0.070 

0.006 

0.011 

0.001 

0.001 

0.010 

0.026 

0.001 

0.000 

0.018 

0.002 

0.013 

0.017 

0.010 

0.013 

0.000 

0.045 

0.013 

0.019 

0.013 

0.414 

0.171 

0.391 

0.395 

0.057 

0.509 

0.694 

0.514 

2.483 

0.594 

0.000 

0.024 

0.521 

0.001 

0.102 

0.001 

0.006 

0.001 

0.007 

0.023 

0.018 

0.028 

0.045 

0.280 

0.016 

0.026 

0.038 

0.052 

0.037 

9.132 

0.001 

0.006 

0.003 

0.002 

0.065 

0.012 

0.001 

0.000 

0.001 

0.070 

0.015 

0.023 

0.040 

0.045 

0.052 

0.044 

0.026 

0.040 

0.025 

0.096 

0.080 

0.167 

0.154 

0.156 

0.004 

0.063 

0.123 

0.084 

0.088 

0.083 

0.044 

0.010 

0.001 

0.006 

0.026 

0.024 

0.009 

0.011 

0.016 

0.019 

0.003 

13.663 

0.002 

0.005 

0.013 

0.006 

0.018 

0.007 

0.024 

0.001 

0.019 

0.038 

0.012 

0.016 

0.030 

2.920 

0.087 

0.025 

0.113 

0.283 

0.014 

2747.406 

0.023 

0.025 

0.038 

0.007 

0.009 

0.703 

0.025 

0.109 

0.051 

0.042 

0.042 

0.031 

0.001 

0.086 

0.052 

0.064 

0.063 

0.039 

0.077 

0.112 

0.151 

0.121 

0.000 

0.041 

0.143 

0.102 

0.102 

0.025 

0.010 

0.004 

0.005 

0.007 

0.038 

0.039 

0.002 

0.006 

0.009 

0.004 
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Table  B-R2d 
Rockwel 1  BIBIB  Array 
Background  Run  #2  (BG  # 2 ) 

KURTOSIS 


Rock  BG  |2  -  Kurt 
5.801  5.840 

of  3200 
5,911 

frames 

3.055 

5.218 

6.938 

6.052 

6.298 

6.625 

4.928 

2.947 

2.990 

2.978 

2.942 

3.082 

3.872 

2.808 

3.549 

2.877 

3.542 

2.907 

3.068 

2.947 

3.082 

492.512 

2.890 

3.00/ 

3.110 

2.880 

3.237 

335.988 

40.710 

3.340 

3.002 

3.130 

9.156 

5.250 

43.873 

2.912 

3.027 

2.861 

2.872 

2.842 

2.851 

3.067 

4.080 

2.969 

2.786 

2.772 

3.194 

2.936 

2.740 

4.056 

2.946 

3.392 

1514.333 

2.837 

3.046 

4.287 

3.067 

3.416 

3.455 

3.358 

3.393 

3.448 

3.608 

3.274 

5.717 

3.362 

3.493 

2.717 

2.889 

2.869 

2.878 

2.893 

2.963 

2.866 

2.834 

3.019 

3.076 

4.991 

3.657 

3.955 

3.624 

3.287 

4.256 

3.899 

6.528 

3.608 

4.006 

3.143 

2.954 

2.888 

2.908 

3.321 

2.592 

3.024 

2.723 

2.780 

2.950 

2.850 

2.982 

2.915 

2.913 

3.081 

2.814 

2.906 

3.055 

2.897 

2.895 

3.210 

2.985 

2.927 

3.030 

3.234 

2.908 

47.009 

54.176 

2.895 

3.376 

3.105 

3.142 

3.211 

3.720 

3.450 

3.364 

3.209 

3.413 

3.371 

3.374 

2.916 

2.907 

2.807 

2.868 

2.823 

2.867 

6.801 

16.760 

18.927 

3.247 

3.198 

3.051 

2.831 

3.079 

2.944 

2.918 

3.015 

3.083 

3.056 

2.972 

2.744 

2.844 

2.757 

2.683 

2.957 

6.191 

15.517 

8.177 

7.020 

2.954 

2951.669 

3.424 

3.374 

3.611 

4.127 

3.631 

10.357 

3.303 

3.240 

3.446 

3.849 

3.284 

2.947 

2.880 

2.718 

13.028 

3.030 

13.349 

14.816 

3.084 

3.707 

3.647 

3.650 

3.833 

4.035 

12.834 

3.997 

3.681 

3.729 

3.227 

4.714 

3.716 

3.735 

3.731 

3.662 

7.477 

23.484 

3.689 

4.015 

3.541 

3.772 

7.930 

2.984 

2.942 

3.162 

2.956 

12.573 

2.861 

3.070 

3.233 

3.524 

3.338 

3.168 

3.299 

3.005 

3.388 

3  232 

3.806 

3.351 

3.269 

3.277 

3.452 

3.428 

3.235 

2.735 

3.046 

'  502 

3.016 

65 . 322 

3.141 

3.270 

3.279 

2.986 

3.196 

3.150 

3.308 

/  .931 

3.176 

26.945 

3.059 

2950.266 

3.046 

3.042 

9.114 

2.960 

3.067 

14.685 

3.330 

38.900 

3.285 

3.071 

3.020 

3.260 

3.123 

3.808 

3.141 

3.301 

12.460 

42.597 

3.449 

3.142 

2.880 

3.225 

678.196 

3.855 

2.982 

3.162 

3.049 

38.481 

3.144 

2.730 

2.938 

2.811 

2.747 

3.204 

14.671 

2.892 

2.794 

2.747 

2.655 

3.193 

3.029 

3.199 

3.153 

3.371 

12.868 

16.079 

23.314 

19.917 

3.060 

3.257 

3.660 

3.318 

3.511 

3.334 

77.327 

3.553 

35.486 

38.908 

3.767 

2.853 

2.995 

2.914 

3.007 

3.413 

28.373 

3.053 

52.232 

3.091 

3.585 

3.091 

2.755 

2.719 

2.870 

3.548 

2.795 

2.849 

47.187 

28.421 

5.585 

3.096 

2.930 

3.025 

3.028 

2.726 

2.926 

2.869 

20.135 

16.016 

2.950 

2.886 

3.081 

3.026 

2.979 

3.375 

2.778 

3.050 

2.726 

2.863 

38.338 

2.842 

2.999 

2.778 

2.673 

3.325 

3.043 

2.563 

56.143 

41.154 

2.606 

4.692 

3.107 

3.151 

3.072 

3.096 

3.194 

3.322 

3.243 

3.445 

3.071 

2.867 

2.786 

2.885 

2.925 

2.997 

2.823 

2.966 

2.803 

2.802 

2.689 

4.272 

3.754 

4.596 

4.539 

3.582 

4.593 

5.082 

4.907 

44.783 

4.688 

3.134 

2.886 

10.185 

3.045 

3.331 

2.973 

2.933 

2.816 

3.209 

3.165 

2.936 

2.936 

3.059 

6.423 

2.965 

3.041 

3.017 

3.163 

3.042 

44.009 

2.727 

2.342 

2.563 

2.621 

7.661 

2.384 

2.990 

2.781 

2.824 

3.225 

2.778 

2.569 

2.928 

2.826 

2.848 

2.954 

2.983 

2.964 

2.917 

2.971 

3.310 

3.136 

3.156 

3.210 

2.882 

2.751 

3.278 

3.068 

3.295 

3.577 

3.143 

3.279 

3.071 

3.227 

3.131 

3.303 

3.204 

2.995 

3.544 

3.760 

2.675 

69.382 

3.093 

2.772 

3.311 

2.767 

3.331 

2.965 

3.840 

3.176 

2.933 

3.099 

3.094 

2.995 

2.905 

17.901 

3.192 

3.056 

3.208 

3.650 

3.256 

2390.528 

3.114 

3.221 

3.435 

3.175 

3.402 

15.145 

3.111 

5.449 

2.676 

2.666 

2.621 

2.598 

2.990 

2.636 

2.725 

2.749 

2.710 

2.566 

3.431 

3.572 

3.591 

3.538 

3.671 

3.739 

3.210 

3.378 

3.331 

3.204 

3.191 

3.092 

3.143 

3.037 

2.967 

3.05i 

3.201 

3.022 

3.064 

3.187 
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Table  B-R3a 
Rockwell  BIBIB  Array 
Background  Run  #3  (BG  #3) 

AVERAGE  COUNT/ FRAME  FOR  3200  FRAMES 


AVE 


404. 

63 

440. 

09 

539. 

31 

995. 

16 

453. 

99 

387. 

31 

414. 

04 

421. 

38 

420. 

44 

426. 

29 

416. 

15 

443. 

65 

442. 

03 

445. 

89 

446. 

18 

446. 

33 

691. 

60 

470. 

95 

472. 

28 

470. 

15 

471. 

26 

492. 

06 

490. 

36 

489. 

15 

486. 

79 

460. 

73 

488. 

05 

494. 

84 

492. 

06 

494. 

74 

473. 

67 

507. 

13 

517. 

92 

518. 

97 

515. 

28 

475. 

10 

522. 

33 

535. 

62 

532. 

44 

529. 

80 

526. 

21 

536. 

71 

552. 

03 

827. 

39 

548. 

39 

46. 

73 

548. 

16 

562. 

42 

557. 

08 

559. 

04 

519. 

53 

570. 

84 

584. 

82 

578. 

74 

579. 

15 

525. 

53 

584. 

29 

635. 

27 

593. 

33 

650. 

48 

526. 

44 

585. 

37 

600. 

17 

727. 

05 

836. 

05 

519. 

71 

579. 

64 

594. 

49 

643. 

15 

593. 

22 

524. 

48 

580. 

98 

901. 

22 

598. 

75 

596. 

27 

514. 

52 

571. 

48 

584. 

SI 

593. 

19 

589. 

85 

509. 

80 

567. 

57 

586. 

18 

590. 

13 

590. 

44 

624. 

06 

560. 

54 

581. 

42 

587. 

00 

586. 

14 

498. 

48 

555. 

71 

581. 

20 

581. 

78 

591. 

45 

495. 

65 

554. 

86 

578. 

13 

585. 

.49 

589. 

69 

497. 

41 

557. 

05 

582. 

94 

590. 

65 

592. 

05 

503. 

17 

558. 

77 

586. 

02 

595. 

46 

596. 

73 

519. 

02 

846. 

59 

581. 

92 

590. 

79 

589. 

00 

658. 

,21 

541. 

,67 

580. 

.19 

588. 

.79 

588. 

,81 

511. 

.26 

588. 

,83 

583. 

.84 

943. 

.18 

592. 

,73 

507. 

.07 

564. 

.28 

582. 

.25 

584 

.75 

590, 

.47 

520. 

.74 

575. 

.77 

590. 

.91 

894 

.89 

591. 

,40 

516 

.78 

569 

.65 

585 

.43 

587 

.44 

586 

.72 

518 

.75 

568 

.63 

586, 

.10 

586 

.15 

583 

.45 

515 

.74 

570 

.00 

948 

.63 

585 

.65 

588 

.34 

516 

.02 

568 

.83 

579 

.90 

588 

.72 

586 

.74 

513 

.20 

563 

.53 

579 

.76 

583 

.33 

582 

.89 

513 

.10 

563 

.11 

573 

.40 

582 

.32 

911 

.80 

587 

.36 

558 

.16 

570 

.76 

572 

.05 

570 

.54 

505 

.86 

558 

.65 

573 

.96 

576 

.07 

791 

.11 

496 

,01 

546 

.95 

562 

.45 

568 

.00 

563 

.05 

496 

.68 

553 

.38 

562 

.86 

569 

.30 

562 

.19 

492 

.88 

786 

.06 

731 

.11 

571 

.31 

568 

.14 

490 

.86 

541 

.00 

558 

.81 

565 

.46 

565 

.33 

484 

.68 

540 

.02 

554 

.46 

554 

.62 

557 

.62 

491 

.03 

519 

.77 

554 

.74 

559 

.29 

557 

.30 

483 

.30 

42 

.85 

547 

.06 

554 

.74 

548 

.93 

502 

.52 

719 

.43 

563 

.80 

568 

.53 

633 

.99 

485 

.21 

534 

.86 

542 

.79 

554 

.23 

553 

.45 

516 

.79 

608 

.72 

551 

.15 

576 

.41 

554 

.26 

475 

.21 

523 

.29 

538 

.14 

544 

.62 

540 

.73 

471 

.43 

514 

.81 

530 

.24 

531 

.57 

528 

.01 

462 

.02 

503 

.29 

516 

.66 

518 

.54 

519 

.04 

452 

.05 

495 

.49 

743 

.68 

506 

.34 

507 

.28 

430 

.30 

470 

.00 

476 

.97 

484 

.48 

484 

.59 

The  minimum  and  maximum  are  10.572500 


473. 

81 

468. 

24 

19. 

38 

19. 

90 

463. 

29 

14. 

88 

441. 

96 

10. 

57 

441. 

12 

13. 

78 

476. 

01 

462. 

65 

462. 

28 

457. 

26 

524. 

71 

496. 

07 

887. 

60 

481. 

86 

517. 

25 

485. 

37 

557. 

22 

501. 

62 

498. 

29 

490. 

05 

497. 

35 

511. 

12 

548. 

03 

502. 

57 

495. 

95 

497. 

10 

534. 

02 

528. 

12 

20. 

38 

519. 

57 

522. 

65 

553. 

76 

544. 

92 

544. 

60 

536. 

09 

542. 

07 

567. 

74 

563. 

18 

559. 

26 

547. 

65 

20. 

00 

26. 

12 

572. 

31 

568. 

88 

560. 

93 

567. 

12 

601. 

81 

594. 

63 

590. 

99 

575. 

83 

578. 

93 

611. 

67 

604. 

43 

605. 

27 

869. 

79 

595. 

54 

618. 

60 

788. 

86 

618. 

98 

601. 

75 

610. 

27 

615. 

01 

608. 

09 

609. 

12 

607. 

35 

621. 

86 

618. 

96 

614. 

65 

614. 

68 

611. 

20 

636. 

04 

612. 

13 

608. 

92 

609. 

47 

610. 

58 

630. 

69 

612. 

53 

610. 

64 

611. 

95 

790. 

88 

637. 

56 

609. 

59 

605. 

46 

609. 

82 

608. 

63 

636. 

05 

608. 

52 

607. 

28 

609. 

49 

612. 

92 

845. 

91 

686. 

29 

608. 

58 

610. 

99 

614. 

29 

866. 

61 

615. 

13 

610. 

90 

859. 

92 

611. 

32 

781. 

03 

618. 

74 

641. 

53 

905. 

12 

624. 

40 

640. 

82 

610. 

95 

607. 

84 

674. 

68 

607. 

80 

619. 

58 

614. 

29 

611. 

27 

614. 

08 

607. 

16 

617. 

29 

583. 

,68 

608. 

47 

612. 

.55 

608. 

25 

617. 

.48 

612, 

.94 

607. 

.59 

611. 

.40 

608. 

.08 

614. 

.83 

615. 

,72 

614. 

57 

615. 

.64 

608. 

.96 

616. 

.51 

610 

.51 

608. 

.33 

610 

.21 

617 

.16 

923 

.34 

606, 

.75 

605. 

.18 

606 

.90 

602 

.96 

609 

.09 

606 

.27 

602. 

.95 

604 

.13 

603 

.67 

611 

.64 

606 

.55 

603 

.10 

606 

.62 

612 

.80 

631 

.46 

603 

.42 

600 

.26 

605 

.79 

609 

.26 

619 

.75 

601 

.44 

600 

.71 

605 

.37 

606 

.16 

610 

.70 

595 

.03 

596 

.28 

600 

.53 

600 

.45 

606 

.94 

598 

.58 

601 

.12 

605 

.21 

605 

.67 

613 

.22 

831 

.92 

592 

.03 

595 

.85 

597 

.58 

644 

.57 

588 

.16 

591 

.71 

595 

.57 

601 

.45 

848 

.85 

709 

.40 

588 

.41 

590 

.69 

603 

.77 

614 

.02 

828 

.41 

584 

.87 

617 

.20 

638 

.98 

612 

.93 

569 

.25 

577 

.89 

578 

.77 

740 

.97 

606 

.50 

581 

.22 

578 

.86 

579 

.32 

579 

.91 

589 

.89 

574 

.23 

572 

.20 

571 

.83 

571 

.97 

579 

.10 

587 

.31 

586 

.66 

585 

.39 

586 

.77 

598 

.04 

574 

.20 

570 

.67 

722 

.59 

574 

.27 

583 

.22 

587 

.73 

566 

.82 

562 

.45 

567 

.49 

774 

.72 

559 

.30 

553 

.00 

552 

.50 

553 

.84 

562 

.32 

548 

.53 

543 

.67 

541 

.71 

859 

.86 

555 

.03 

538 

.02 

532 

.94 

530 

.54 

535 

.03 

546 

.01 

526 

.26 

520 

.51 

518 

.18 

523 

.86 

530 

.81 

524 

.51 

526 

.61 

528 

.99 

532 

.50 

696 

.36 

995.15969 
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Table  B-R3b 
Rockwell  BIBIB  Array 
Background  Run  #3  (BG  #3) 

VARIANCE 


VAR 


5.05 

5.10 

5.21 

1.95 

3.11 

6.99 

6.51 

17.79 

21.09 

8.10 

3.87 

3.42 

3.71 

4.34 

2.79 

11.83 

5.18 

16.68 

5.32 

26.46 

3.85 

4.09 

4.37 

6.34 

4.92 

5.55 

5.44 

5.63 

6.06 

6.64 

4.31 

8.05 

3.21 

3.63 

2.00 

3.26 

2.01 

3.74 

4.16 

4.27 

3.64 

4.22 

4.39 

4.70 

2.66 

5.12 

5.17 

5.33 

5.38 

6.33 

3.95 

4.24 

4.03 

4.47 

2.30 

250.73 

5.59 

5.30 

5.64 

6.97 

4.07 

4.70 

4.62 

5.07 

3.44 

5.35 

5.58 

19.05 

6.11 

6.41 

3.83 

3.97 

3.86 

4.35 

2.51 

4.46 

5.16 

4.93 

5.40 

6.56 

8.04 

7  65 

8.10 

11.07 

4.00 

9.71 

10.35 

9.46 

9.14 

25.24 

2.78 

3.21 

3.23 

3.84 

2.29 

12.76 

4.43 

4.21 

4.26 

4.22 

5.47 

5.96 

6.06 

7.16 

3.88 

6.84 

7.87 

7.23 

7.30 

8.50 

3.06 

3.14 

3.06 

3.48 

1.93 

3.74 

4.85 

3.97 

1.25 

5.37 

4.09 

4.23 

4.34 

3.85 

2.22 

4.87 

3.98 

5.14 

5.04 

5.59 

6.08 

6.62 

6.97 

7.93 

3.48 

7.90 

9.04 

8.36 

9.60 

9.89 

5.76 

5.68 

4.40 

6.80 

3.45 

6.76 

7.88 

7.22 

7.71 

8.08 

5.24 

5.74 

6.08 

6.45 

3.44 

7.37 

7.51 

7.13 

8.00 

7.57 

5.07 

5.50 

5.73 

6.12 

3.59 

7.07 

7.06 

6.86 

6.75 

7.43 

6.22 

6.51 

7.18 

7.49 

5.36 

7.26 

7.53 

7.53 

8.39 

7.15 

5.31 

5.50 

5.75 

6.39 

3.54 

7.94 

6.33 

6.61 

6.39 

11.68 

4.00 

4.25 

4.17 

4.73 

2.86 

4.58 

4.96 

4.92 

4.85 

3.66 

4.12 

4.37 

4.58 

4.78 

2.64 

5.07 

5.44 

4.64 

5.63 

7.32 

2.99 

3.17 

3.30 

3.71 

2.83 

?  .98 

4.34 

0.89 

4.70 

5.33 

2.99 

2.42 

2.99 

3.10 

1.82 

2.93 

4.02 

3.17 

4.16 

3.62 

4.44 

5.07 

5.53 

6  28 

3.41 

7.47 

6.79 

7.09 

8.25 

8.09 

85.52 

3.64 

3.80 

2.40 

2.95 

4.72 

4.76 

4.59 

5.34 

4.97 

5.27 

4.88 

5.14 

5.58 

3.54 

5.21 

6.06 

6.11 

6.82 

6.82 

3.99 

4.16 

4.12 

24.56 

2.57 

4.74 

5.21 

5.13 

6.38 

5.41 

4.56 

4.52 

4.82 

5.11 

3.77 

5.05 

5.55 

6.69 

6.41 

3.59 

6.38 

6.86 

6.80 

7.13 

4.16 

9.13 

8.50 

9.02 

8.26 

8.35 

3.52 

4.05 

1.18 

4.29 

2.84 

5.30 

4.98 

4.81 

5.30 

6.07 

3.85 

4.06 

4.10 

4.04 

3.04 

4.06 

5.22 

<.75 

5.20 

3.52 

84.17 

3.44 

3.59 

3.82 

2.23 

4.04 

4.43 

4.41 

6.01 

4.73 

4.09 

4.74 

6.22 

5.26 

0.47 

5.66 

6.46 

5.51 

6.46 

6.82 

3.49 

3.85 

4.07 

4.27 

3.01 

4.13 

4.81 

4.77 

4.53 

5 .73 

3.63 

3.58 

4.05 

4.73 

1.85 

4.49 

4.70 

4.62 

5.38 

4.97 

3.30 

3.23 

3.56 

3.68 

2.18 

4.46 

4.13 

4.35 

4.38 

4.28 

3.79 

4.21 

4.43 

4.54 

2.63 

4.85 

4.82 

4.78 

4.77 

6.73 

3.27 

3.13 

2.76 

3.72 

2.65 

3.48 

4.05 

3.90 

4.46 

4.74 

3.37 

3.48 

3.55 

3.98 

2.89 

3.89 

4.46 

4.44 

4.51 

5.04 

3.26 

3.20 

3.49 

3.66 

2.20 

4.00 

4.60 

4.34 

3.37 

5.24 

4.39 

5.03 

4.81 

5.66 

2.72 

5.87 

5.49 

4.71 

4.50 

5.17 

4.19 

5.41 

4.96 

5.20 

2.92 

5.66 

5.98 

5.82 

6.16 

6.80 

3.28 

3.14 

3.88 

4.01 

2.44 

4.48 

4.51 

*.  57 

4.54 

4.56 

3.07 

3.22 

3.47 

3.72 

2.54 

3.98 

4.28 

4.47 

4.69 

5.03 

3.22 

3.04 

2.87 

3.49 

2.26 

3.59 

3.74 

3.88 

3.91 

.3.30 

3.25 

3.42 

3.59 

3.76 

2.39 

3.65 

5.00 

4.84 

4.76 

6.32 

4.87 

5.47 

5.38 

5.82 

2.75 

6.26 

6.41 

6.45 

i.  .79 

6.95 

8.49 

8.91 

9.66 

10.26 

4.26 

10.43 

12.82 

12.53 

12.14 

13.58 

7.93 

7.76 

6.90 

92.23 

6.68 

8.44 

10.49 

10.62 

10.06 

11.85 

16.33  15.31  17.17  16.69  13.34 

The  minimum  and  maximum  are  0. 46958337 

15.47 

250 
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16.82 

.72690 

17.31 

17.81 

13.79 

Table  B-R3c 
Rockwell  BIBIB  Array 
Background  Run  #3  (BG  #3) 

SKEWNESS 


SKEW 


0.111 

0.182 

0.250 

0.000 

0.078 

1.367 

0.233 

0.393 

0.596 

0.073 

0.048 

0.084 

0.032 

0.018 

0.098 

0.514 

0.034 

0.441 

0.079 

0.450 

0.080 

0.076 

0.074 

27.929 

55.921 

0.479 

0.074 

0.188 

0.184 

0.128 

90.626 

20.431 

0.006 

0.010 

0.059 

0.333 

0.271 

0.005 

0.001 

0.014 

0.022 

0.042 

0.008 

0.035 

0.207 

0.038 

0.013 

0.019 

0.056 

0.105 

0.030 

0.029 

0.012 

0.007 

0.0961003.651 

0.012 

0.012 

0.011 

0.001 

0.071 

0.125 

0.191 

0.147 

0.359 

0.086 

0.140 

1.143 

0.276 

0.303 

0.002 

0.028 

0.001 

0.017 

0.017 

0.068 

0.005 

0.043 

0.066 

0.199 

3.191 

1.330 

1.535 

1 . 126 

0.094 

2.173 

1.557 

1.460 

0.819 

0.849 

0.000 

0.001 

0.000 

0.177 

0.252 

0.056 

0.007 

0.001 

0.027 

0.028 

0.011 

0.008 

0.005 

0.023 

0.217 

0.005 

0.011 

0.040 

0.059 

0.150 

0.032 

0.014 

0.013 

0.011 

0.027 

0.490 

4.725 

0.135 

0.361 

0.161 

0.269 

0.251 

0.248 

0.110 

0.296 

0.402 

0.108 

0.484 

0.446 

0.479 

0.014 

0.001 

0.006 

0.003 

0.006 

0.000 

0.176 

0.156 

0.976 

0.008 

0.119 

0.123 

0.122 

0.123 

0.220 

0.054 

0.144 

0.138 

0.037 

0.273 

0.022 

0.002 

0.001 

0.000 

0.008 

0.007 

0.267 

0.000 

0.260 

0.015 

0.000 

0.013 

0.006 

0.048 

0.118 

0.359 

0.297 

0.006 

0.093 

0.012 

0.224 

0.082 

0.089 

0.065 

0.068 

0.387 

0.620 

0.838 

1.218 

0.001 

0.049 

0.073 

0.067 

0.136 

0.000 

5.185 

0.096 

0.510 

0.028 

0.034 

0.183 

0.079 

0.185 

0.191 

0.144 

0.582 

0.190 

0.140 

0.090 

0.360 

0.067 

0.172 

0.091 

0.107 

0.197 

0.078 

0.040 

0.011 

0.161 

0.035 

0.202 

0.005 

0.221 

0.208 

0.284 

0.318 

0.273 

0.178 

0.373 

0.442 

0.040 

0.059 

0.023 

0.018 

0.000 

0.039 

6.366 

0.019 

11.449 

0.007 

0.004 

0.026 

0.011 

0.030 

0.070 

0.049 

0.091 

0.034 

0.394 

0.071 

2805.108 

0.014 

0.000 

0.429 

0.111 

0.003 

0.888 

0.002 

1.791 

0.001 

0.010 

0.031 

0.035 

0.036 

0.348 

0.035 

0.248 

0.043 

1.617 

0.090 

0.034 

0.044 

0.043 

466.271 

0.471 

0.019 

0.010 

0.013 

5.855 

0.071 

0.075 

0.089 

0.054 

0.077 

0.284 

0.072 

0.648 

0.004 

0.179 

0.011 

0.079 

0.066 

0.048 

0.062 

0.648 

0.069 

0.025 

0.766 

0.127 

0.030 

0.065 

0.171 

0.421 

0.158 

0.274 

5.184 

0.199 

0.271 

0.313 

0.437 

0.000 

0.013 

0.010 

0.014 

.  0.107 

0.032 

0.037 

0.055 

0.027 

0.125 

2876.897 

0.000 

0.001 

0.004 

0.083 

0.033 

0.002 

0.933 

6.558 

0.095 

0.039 

0.013 

21.006 

0.017 

0.045 

0.008 

0.022 

0.000 

0.420 

0.006 

0.014 

0.139 

0.052 

0.058 

0.228 

0.020 

0.029 

0.007 

0.012 

1.766 

0.064 

0.012 

0.135 

0.105 

0.044 

0.023 

0.091 

0.182 

2.618 

0.168 

0.031 

0.023 

0.022 

0.009 

0.015 

72.436 

0.048 

0.001 

0.010 

0.008 

0.000 

0.030 

0.012 

0.009 

0.098 

0.063 

0.012 

0.042 

0.038 

0.003 

0.393 

0.292 

0.349 

0.576 

0.378 

0.801 

0.712 

0.664 

0.632 

0.827 

0.045 

0.176 

0.104 

0.042 

0.345 

0.000 

0.125 

0.124 

0.181 

0.339 

0.012 

0.001 

0.023 

0.011 

0.024 

0.002 

0.008 

0.011 

0.007 

0.636 

0.015 

0.003 

0.007 

0.040 

0.098 

0.002 

0.004 

0.011 

0.026 

0.096 

0.005 

0.005 

0.046 

0.030 

0.049 

0.065 

0.020 

0.048 

0.073 

0.148 

0.018 

0.050 

0.106 

0.108 

0.073 

0.020 

0.043 

0.026 

0.003 

0.003 

0.245 

0.195 

0.144 

0.250 

0.323 

0.647 

0.436 

0.324 

0.584 

0.903 

0.013 

10.293 

0.030 

0.022 

0.153 

0.089 

0.016 

0.069 

0.037 

0.092 

0.011 

0.061 

0.033 

0.024 

0.106 

0.317 

0.115 

0.115 

0.218 

0.453 

0.001 

0.015 

0.000 

0.006 

0.068 

0.000 

0.000 

0.038 

0.000 

0.031 

0.007 

0.024 

0.021 

0.014 

0.071 

0.071 

0.043 

0.071 

0.125 

0.098 

0.011 

0.006 

0.0502368.837 

0.264 

0.023 

0.006 

0.000 

0.000 

0.006 

0.296 

0.254 

0.102 

0.215 

0.323 

0.331 

0.208 

0.241 

0.228 

0.176 

The  minimum  and  maximum  are  6.75653606E-07  2876.8973 
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Table  B-R3d 
Rockwell  BIBIB  Array 
Background  Run  #3  (BG  #3) 

KURTOSIS 


KURT 


5.141 

5.323 

5.604 

3.289 

3.695 

17.348 

5.508 

3.458 

3.371 

2.972 

2.939 

2.898 

2.850 

2.921 

3.265 

2.789 

2.863 

2.974 

3.336 

3.133 

2.991 

141.602 

230.289 

17.825 

3.084 

3.260 

2.944 

295.394 

37.725 

3.295 

3.006 

3.108 

7.379 

3.431 

3.108 

3.020 

2.957 

2.839 

2.844 

2.762 

2.946 

2.745 

3.045 

2.792 

2.820 

2.981 

2.882 

3.088 

2.976 

3.1531024.200 

2.973 

3.233 

3.808 

2.743 

2.873 

2.919 

2.798 

2.986 

2.993 

2.812 

3.206 

2.863 

2.875 

2.998 

3.029 

2.856 

2.807 

2.963 

2.933 

2.989 

2.930 

8.187 

5.762 

5.904 

5.285 

3.793 

6.993 

5.923 

5.773 

4.995 

2.952 

2.849 

2.967 

6.968 

10.409 

2.370 

3.149 

2.800 

2.887 

3.011 

3.061 

2.974 

2.940 

3.130 

2.978 

2.957 

3.185 

2.967 

2.986 

2.934 

3.000 

2.929 

2.862 

14.919 

40.092 

3.217 

3.006 

3.514 

3.317 

3.560 

3.916 

3.868 

3.620 

3.441 

3.661 

3.756 

3.277 

3.199 

3.106 

3.197 

3.116 

3.184 

6.526 

6.633 

12.781 

2.842 

2.986 

2.847 

2.848 

3.006 

3.805 

2.868 

2.910 

5.923 

2.913 

2.989 

2.909 

3.580 

3.049 

2.981 

7.280 

2.965 

8.907 

3.021 

3.105 

3.162 

3.325 

3.319 

6.228 

6.848 

3.168 

3.181 

4.392 

2.947 

2.981 

2.893 

2.580 

7.182 

9.902 

10.559 

13.757 

3.178 

3.277 

3.181 

3.420 

3.164 

23.822 

3.483 

8.504 

3.408 

4.519 

3.608 

3.662 

3.672 

4.499 

6.288 

3.772 

3.554 

3.677 

3.320 

3.536 

3.355 

3.465 

3.666 

3.230 

3.170 

3.124 

3.312 

3.741 

7.657 

3.469 

3.824 

3.248 

3.453 

3.722 

3.737 

4.082 

3.198 

3.264 

3.174 

3.093 

2.795 

2.953 

38.809 

3.011 

53.225 

2.755 

2.669 

2.586 

2.613 

2.537 

2.476 

6.315 

2.599 

11.548 

2931.013 

2.922 

3.118 

9.613 

3.147 

3.100 

14.779 

3.067 

21.860 

2.949 

2.970 

3.064 

3.128 

3.282 

3.069 

11.336 

7.649 

20.830 

3.317 

3.296 

3.430 

558.520 

4.070 

3.271 

3.294 

3.304 

33.272 

2.728 

2.855 

2.777 

2.789 

3.053 

2.865 

15.395 

7.434 

2.857 

3.258 

3.094 

3.180 

3.184 

3.956 

6.981 

8.743 

14.933 

3.339 

3.353 

3.389 

3.704 

3.663 

3.247 

40.783 

3.542 

3.459 

3.568 

2.887 

2.932 

2.924 

2.959 

3.064 

2.994 

2.851 

3.079 

8.249 

2980.608 

2.833 

2.912 

3.009 

3.446 

3.042 

3.021 

22.382 

35.666 

3.501 

3.086 

117.073 

3.153 

2.877 

2.988 

3.076 

3.236 

11.543 

3.061 

3.331 

3.137 

3.114 

3.403 

2.939 

3.058 

2.893 

3.141 

3.002 

4.649 

2.985 

2.805 

3.850 

2.997 

2.802 

2.892 

28.886 

3.261 

3.176 

3.313 

3.191 

3.035 

264.126 

3.357 

3.249 

3.689 

3.697 

2.872 

3.754 

2.965 

2.979 

2.946 

2.942 

2.894 

2.982 

4.180 

4.429 

4.616 

4.876 

4.172 

5.603 

4.575 

4.683 

4.048 

3.241 

3.321 

3.360 

3.215 

3.284 

3.125 

3.402 

3.342 

3.431 

2.966 

3.083 

3.242 

3.245 

2.985 

3.155 

3.198 

3.203 

3.209 

2.729 

2.440 

2.584 

3.760 

6.709 

2.530 

2.794 

2.727 

2.856 

2.674 

2.597 

2.801 

2.749 

2.609 

2.736 

2.809 

2.645 

2.644 

3.037 

3.314 

3.646 

3.344 

2.940 

2.901 

3.076 

2.961 

3.018 

3.253 

3.505 

3.546 

3.635 

3.400 

4.081 

3.666 

3.465 

3.794 

2.908 

59.010 

3.225 

2.979 

3.148 

3.042 

3.485 

3.042 

3.807 

2.952 

3.047 

2.913 

2.896 

3 .004 

9.SC7 

2.934 

3.017 

3.032 

3.192 

3.055 

3.062 

3.070 

3.314 

2.871 

3.246 

3.071 

3.013 

2.398 

2.388 

2.390 

2.423 

2.948 

2.459 

2.420 

2.375 

2.582 

3.640 

3.717 

3.7392618.646 

3.133 

3.877 

3.565 

3.611 

3.556 

2.481 

2.432 

3.828 

2.537 

2.378 

2.617 

2.613 

2.634 

2.601 

The  minimum  and  maximum  are  2.3701964  2980.6078 
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4.068 

2.7S2 

3.119 

3.154 

2.925 

3.223 

2.856 

3.011 

3.610 

3.054 

3.084 

3.201 
3.650 
3.164 
2.913 
3.191 
3.117 
3.032 
3.112 
3.767 
3.151 
3.440 
3.171 
2.521 
3.015 
3.301 
3.360 
2.688 
6.852 
3.543 
3.242 

3.202 
3.116 

22.644 

2.750 

2.939 

2.783 

4.196 

3.308 
15.639 

3.174 

2.764 

3.436 

4.309 
3.528 
3.119 
3.085 
2.487 
3.306 
2.743 


Table  B-R4a 
Rockwell  BIBIB  Array 
Background  Run  #4  (BG  #4) 

AVERAGE  COUNT/FRAME  FOR  3200  FRAMES 


AVE 


405. 

06 

442. 

04 

555. 

74 

997. 

53 

455. 

34 

474. 

93 

470. 

61 

21. 

08 

22. 

04 

465. 

26 

388. 

75 

416. 

49 

423. 

34 

421. 

80 

429. 

28 

17. 

36 

443. 

99 

13. 

56 

443. 

19 

17. 

71 

417. 

53 

445. 

11 

443. 

46 

447. 

06 

448. 

59 

478. 

09 

463. 

90 

463. 

66 

458. 

66 

535. 

28 

449. 

07 

720. 

42 

473. 

77 

475. 

01 

473. 

10 

498. 

75 

893. 

67 

484. 

49 

524. 

46 

487. 

no 

4.W 

471. 

77 

492. 

17 

491. 

09 

489. 

32 

488. 

28 

561. 

82 

502. 

05 

498. 

75 

490. 

68 

498. 

06 

462. 

61 

489. 

88 

496. 

67 

493. 

53 

496. 

64 

512. 

81 

554. 

00 

503. 

96 

497. 

29 

498. 

18 

476. 

03 

509. 

58 

520. 

39 

520. 

78 

517. 

65 

535. 

72 

530. 

38 

21. 

22 

521. 

42 

523. 

96 

476. 

53 

524. 

28 

537. 

65 

533. 

78 

531. 

87 

555. 

10 

546. 

75 

546. 

23 

537. 

71 

543. 

48 

535. 

59 

538. 

93 

554. 

40 

849. 

92 

EGO. 

53 

570. 

22 

564. 

99 

560. 

47 

549. 

83 

21. 

75 

47. 

54 

549. 

66 

563. 

91 

558. 

24 

560. 

94 

26. 

05 

573. 

75 

569. 

90 

562. 

46 

567. 

72 

520. 

82 

572. 

86 

586. 

81 

580. 

68 

581. 

23 

603. 

78 

596. 

76 

592. 

30 

577. 

45 

580. 

24 

526. 

81 

586. 

62 

644. 

22 

595. 

17 

664. 

78 

613. 

42 

606. 

44 

607. 

15 

872. 

84 

597. 

02 

528. 

00 

587. 

,92 

602. 

44 

748. 

23 

865. 

30 

620. 

92 

811. 

05 

622. 

86 

604. 

25 

612. 

29 

522. 

25 

582. 

77 

597. 

48 

650. 

90 

595. 

94 

618. 

10 

611. 

71 

612. 

83 

610. 

88 

625. 

06 

525. 

27 

582. 

,37 

920. 

41 

599. 

67 

598. 

62 

620. 

25 

615. 

91 

616. 

12 

612. 

36 

636. 

58 

516. 

72 

574. 

48 

587. 

95 

595. 

,60 

592. 

84 

614. 

89 

611. 

88 

612. 

22 

613. 

45 

632. 

99 

510. 

85 

569. 

.56 

587. 

71 

591. 

,41 

592. 

,67 

614, 

11 

612. 

04 

613. 

53 

808. 

02 

639. 

50 

643. 

25 

563. 

.10 

583. 

75 

588. 

.95 

589. 

,16 

611. 

,81 

607. 

64 

611. 

84 

609. 

90 

636. 

63 

499. 

.93 

558. 

.46 

583. 

.61 

584, 

.20 

594. 

,63 

612. 

,22 

611. 

38 

613. 

99 

615. 

92 

858. 

31 

496. 

.04 

556. 

.13 

579. 

.07 

586, 

.37 

592 

.52 

698. 

.04 

612. 

06 

616. 

16 

615. 

53 

883. 

30 

498. 

.96 

559, 

.32 

584, 

.73 

592 

.44 

594, 

.98 

617. 

.45 

614. 

.65 

876. 

.85 

612. 

.99 

795. 

.56 

503. 

,07 

559. 

.74 

586. 

72 

595. 

.86 

598, 

.17 

619, 

.87 

648. 

25 

923. 

,90 

624. 

,38 

640. 

35 

521. 

.50 

872 

.40 

585 

.65 

593 

.48 

591 

.77 

614 

.46 

611. 

.13 

690. 

.29 

611. 

.04 

623. 

.10 

685 

.13 

544 

.73 

583 

.16 

590 

.97 

591 

.47 

616 

.47 

614, 

.00 

617 

.62 

609 

.35 

619 

.43 

512 

.52 

593 

.61 

586 

.06 

950 

.78 

594 

.99 

584 

.91 

609, 

.71 

613 

.69 

609. 

.54 

617 

.91 

509 

.35 

567 

.53 

585 

.17 

587 

.20 

593 

.47 

614, 

.82 

609. 

.62 

613. 

.41 

609. 

.93 

616. 

.43 

521 

.95 

578 

.37 

592 

.91 

915 

.71 

594 

.44 

617 

.40 

616. 

.16 

617. 

.11 

610. 

.44 

618. 

.30 

517 

.67 

571 

.98 

587 

.13 

588 

.50 

589 

.19 

611 

.82 

609 

.65 

612 

.00 

620 

.52 

930. 

.29 

522 

.36 

573 

.90 

590 

.49 

589 

.81 

587 

.83 

611 

.81 

609 

.43 

611 

.50 

607 

.61 

613 

.00 

518 

.54 

574 

.53 

953 

.51 

588 

.75 

591 

.86 

609 

.65 

606. 

.27 

607. 

.69 

607 

.45 

614 

.61 

517 

.31 

571 

.45 

582 

.05 

590 

.18 

589 

.56 

608 

.38 

605, 

.17 

608 

.56 

614 

.64 

632 

.61 

514 

.84 

566 

.62 

582 

.55 

585 

.59 

586 

.11 

605 

.54 

602 

.94 

608 

.64 

611 

.62 

621 

.71 

515 

.89 

567 

.07 

576 

.85 

585 

.82 

915 

.42 

605 

.04 

604 

.77 

609 

.23 

609 

.38 

613 

.89 

603 

.14 

560 

.61 

573 

.22 

574 

.37 

573 

.92 

597 

.40 

599 

.00 

602 

.94 

602 

.70 

608 

.36 

507 

.03 

561 

.13 

575 

.73 

577 

.75 

818 

.61 

600 

.61 

603 

.06 

607 

.01 

607 

.22 

614 

.00 

498 

.54 

550 

.31 

566 

.09 

571 

.18 

566 

.56 

854 

.87 

595 

.56 

599 

.53 

600 

.62 

654 

.87 

498 

.45 

556 

.14 

565 

.14 

571 

.30 

565 

.51 

590 

.80 

593 

.94 

598 

.13 

603 

.56 

870 

.87 

493 

.77 

814 

.60 

753 

.61 

572 

.49 

570 

.85 

730 

.80 

589 

.53 

592 

.25 

605 

.11 

614 

.35 

491 

.29 

541 

.89 

559 

.73 

566 

.69 

567 

.24 

853 

.44 

585 

.96 

621 

.72 

644 

.98 

613 

.58 

486 

.53 

542 

.34 

556 

.55 

557 

.06 

560 

.51 

571 

.44 

579 

.91 

581 

.15 

760 

.79 

607 

.99 

492 

.39 

521 

.25 

556 

.56 

561 

.34 

560 

.16 

582 

.68 

580 

.76 

581 

.57 

581 

.61 

591 

.71 

484 

.92 

43 

.65 

549 

.40 

557 

.39 

551 

.88 

576 

.81 

574 

.41 

574 

.24 

574 

.10 

580 

.93 

503 

.58 

743 

.84 

565 

.69 

570 

.76 

648 

.49 

589 

.54 

588 

.46 

587 

.39 

588 

.40 

599 

.78 

486 

.73 

537 

.40 

545 

.79 

556 

.82 

556 

.61 

576 

.65 

573 

.23 

741 

.15 

576 

.85 

585 

.91 

520 

.86 

616 

.14 

553 

.11 

580 

.59 

556 

.18 

590 

.28 

568 

.57 

563 

.66 

568 

.90 

798 

.16 

477 

.27 

526 

.54 

540 

.82 

547 

.45 

543 

.76 

561 

.60 

555 

.96 

555 

.56 

556 

.42 

565 

.49 

472 

.90 

517 

.28 

532 

.26 

533 

.39 

530 

.78 

550 

.67 

545 

.80 

543 

.97 

865 

.33 

556 

.78 

463 

.74 

506 

.02 

518 

.85 

520 

.31 

521 

.21 

539 

.94 

535 

.12 

532 

.89 

536 

.83 

547 

.66 

454 

.36 

498 

.45 

769 

.75 

508 

.74 

510 

.77 

528 

.73 

523 

.06 

521 

.05 

526 

.20 

533 

.43 

433 

.47 

474 

.09 

480 

.79 

487 

.90 

488 

.92 

527 

.58 

529 

.82 

532 

.27 

535 

.34 

719 

.50 

The  minimum  and  maximum  are  13.562500  997.53031 
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Table  B-R4b 
Rockwell  BIBIB  Array 
Background  Run  #4  (BG  #4) 

VARIANCE 


VAR 


10.98 

11.14 

10.93 

2.93 

5.80 

15.64 

13.00 

21.05 

22.17 

15.24 

3.14 

2.77 

2.97 

3.71 

2.20 

6.72 

3.96 

9.32 

3.94 

14.65 

3.79 

7.96 

4.08 

5.01 

5.74 

6.00 

5.23 

4.89 

5.16 

5.54 

4.47 

3.68 

3.52 

3.77 

1.88 

3.74 

1.58 

4.1? 

A  40 

4.68 

2.b7 

2.94 

3.01 

3.56 

1.80 

3.83 

3  64 

3.80 

3.65 

4.65 

3.26 

3.69 

3.52 

4.11 

1.88 

85.49 

5.04 

4.62 

5.09 

5.77 

3.26 

86.08 

3.50 

3.95 

2.39 

4.14 

4.58 

11.35 

4.67 

5.46 

3.85 

3.75 

4.01 

4.57 

2.37 

4.22 

5.13 

4.54 

4.73 

5.49 

3.22 

4.08 

4.15 

5.91 

2.56 

4.67 

5.42 

5.46 

4.98 

21.91 

2.67 

3.16 

3.38 

3.51 

2.12 

11.08 

4.24 

3.96 

3.90 

4.06 

3.66 

3.97 

4.20 

4.61 

2.40 

5.24 

5.14 

4.88 

4.80 

5.56 

3.04 

2.99 

3.02 

3.45 

1.69 

3.23 

5.05 

4.07 

1.21 

4.58 

3.70 

3.51 

3.74 

3.67 

1.85 

4.13 

3.70 

4.43 

4.31 

5.01 

4.78 

5.21 

5.35 

6.60 

2.82 

6.38 

6.94 

6.25 

6.54 

7.76 

4.33 

4.24 

3.44 

4.91 

2.07 

4.58 

5.76 

5.21 

4.88 

5.47 

4.51 

4.82 

5.04 

5.49 

2.57 

5.64 

6.13 

5.83 

5.56 

6.04 

3.34 

3.81 

4.04 

4.36 

2.21 

5.02 

4.86 

4.73 

5.00 

4.95 

5.23 

5.83 

5.95 

6.43 

5.09 

6.53 

7.12 

6.69 

6.24 

5.48 

6.65 

7.42 

7.94 

9.42 

5.83 

12.75 

14.96 

16.22 

12.20 

11.52 

4.58 

4.68 

5.25 

5.84 

3.22 

7.17 

8.37 

11.67 

7.90 

4.42 

3.60 

3.36 

3.81 

4.19 

2.42 

4.57 

6.29 

3.95 

4.91 

6.60 

2.99 

2.82 

3.10 

3.29 

2.00 

4.79 

5.69 

1.05 

3.69 

3.91 

4.29 

3.11 

4.27 

4.36 

2.10 

4.12 

5.52 

4.77 

4.97 

5.87 

5.78 

6.37 

6.85 

8.11 

3.66 

9.30 

8.33 

8.34 

8.56 

9.07 

3.27 

3.60 

3.91 

2.77 

2.49 

4.72 

5.46 

4.71 

5.06 

4.84 

3.70 

3.49 

3.61 

4.07 

2.28 

3.93 

4.37 

4.04 

4.37 

4.82 

4.25 

4.19 

4.33 

3.70 

2.46 

5.06 

5.46 

5.75 

6.52 

6.11 

3.33 

3.19 

3.53 

3.87 

2.18 

T  TO 

4.77 

4.33 

4.27 

3.15 

3.85 

3.85 

3.94 

4.59 

2.47 

H  4? 

5.27 

5.03 

5.99 

5.60 

2.67 

2.89 

0.84 

3.25 

1.74 

3.  f 

3.49 

4.61 

5.59 

4.04 

3.69 

3.39 

3.81 

4.21 

2.71 

4.3/ 

5.07 

5.01 

4.28 

5.05 

3.51 

3.71 

3.75 

4.57 

2.57 

5.03 

5.12 

5.69 

4.97 

5.94 

5.18 

5.56 

5.88 

6.48 

0.54 

7.10 

6.89 

6.81 

7.72 

7.50 

3.35 

3.23 

3.35 

3.87 

2.20 

3.65 

4.18 

3.96 

3.71 

4.34 

2.89 

2.74 

3.05 

3.72 

1.96 

3.52 

3.82 

4.62 

5.66 

4.39 

4.40 

4.53 

4.83 

5.28 

2.41 

4.53 

5.80 

5.62 

5.48 

5.89 

2.74 

2.87 

3.21 

3.29 

2.13 

3.03 

3.58 

3.36 

3.29 

3.73 

4.08 

4.00 

3.83 

4.98 

2.48 

4.61 

5.42 

5.00 

5.50 

5.87 

2.59 

2.47 

2.82 

3.04 

1.79 

3.63 

3.06 

2.88 

3.19 

3.40 

3.22 

3.33 

3.44 

3.65 

1.75 

4.16 

4.41 

4.05 

3.64 

4.55 

3.95 

3.18 

4.10 

4.55 

2.31 

4.54 

5.36 

5.08 

4.88 

6.84 

3.87 

4.14 

4.26 

4.60 

2.32 

5.70 

5.82 

5.14 

5.16 

5.94 

2.64 

2.61 

3.02 

3.28 

1.70 

3.17 

3.58 

3.70 

3.43 

3.65 

2.45 

2.61 

2.88 

3.09 

1.98 

3.12 

3.48 

3.53 

4.71 

3.67 

3.38 

3.16 

2.98 

3.40 

2.12 

3.08 

3.75 

3.65 

3.47 

?.95 

2.21 

2.04 

2.27 

2.48 

1.46 

2.48 

2.84 

?.94 

2.93 

3.28 

3.92 

4.03 

4.23 

4.87 

2.57 

4.69 

5.12 

4.93 

1.78 

5.72 

5.03 

5.28 

5.68 

6.39 

2.69 

6.09 

7.30 

6.67 

6.49 

6.97 

5.69 

5.47 

4.81 

89.07 

87.43 

5.69 

7.32 

7.77 

7.91 

9.12 

10.01  9.26  10.39  10.69  8.93 

The  minimum  and  maximum  are  0.53627852 

8.78 

89 
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10.88 

.074061 

10.61 

11.02 

9.77 

Table  B-R4c 
Rockwell  BIBIB  Array 
Background  Run  #4  (BG  #4) 

SKEWNESS 


SKEW 


0.001 

0.002 

0.008 

0.041 

0.000 

0.046 

0.002 

0.380 

0.549 

0.084 

0.005 

0.001 

0.000 

0.052 

0.207 

0.182 

0.071 

0.712 

0.138 

1.202 

0.046 

140.640 

0.078 

0.036 

116.674 

11.822 

0.092 

0.187 

0.235 

0.356 

62.345 

0.230 

0.001 

0.000 

0.015 

0.028 

0.052 

0.002 

0.000 

0.050 

0.127 

0.033 

0.089 

0.430 

0.023 

0.157 

0.061 

0.039 

0.004 

0.139 

0.021 

0.000 

0.019 

0.060 

0.0012757.983 

0.005 

0.014 

0.163 

0.041 

0.0462805.942 

0.032 

0.084 

0.356 

0.041 

0.068 

1.392 

0.183 

0.266 

0.006 

0.009 

0.000 

0.001 

0.001 

0.021 

0.000 

0.003 

0.004 

0.057 

0.002 

0.004 

0.000 

0.041 

0.558 

0.013 

0.019 

0.050 

0.093 

1.440 

0.000 

0.000 

0.000 

0.341 

0.154 

0.001 

0.001 

0.002 

0.001 

0.023 

0.005 

0.006 

0.000 

0.000 

0.030 

4.884 

0.000 

0.004 

0.029 

0.115 

0.116 

0.087 

0.068 

0.063 

0.010 

0.108 

12.672 

4.509 

0.026 

0.341 

0.295 

0.430 

0.280 

0.302 

0.437 

0.386 

0.094 

0.030 

0.660 

0.635 

0.010 

0.036 

0.007 

0.023 

0.001 

0.076 

0.011 

0.010 

0.000 

0.000 

0.003 

0.002 

0.000 

0.003 

0.061 

0.044 

0.002 

0.007 

0.023 

0.028 

0.003 

0.003 

0.000 

0.002 

0.000 

0.000 

0.000 

0.007 

0.038 

0.078 

0.063 

0.002 

0.000 

0.000 

0.063 

0.003 

0.009 

0.030 

0.007 

0.074 

0.007 

0.001 

0.000 

0.001 

0.037 

0.005 

0.481 

0.069 

0.215 

0.002 

0.001 

0.001 

0.003 

0.000 

0.001 

0.103 

0.125 

0.150 

0.038 

0.008 

0.598 

0.319 

0.562 

0.325 

0.371 

0.307 

0.194 

0.002 

0.305 

0.462 

0.003 

0.024 

0.001 

0.000 

0.007 

0.001 

0.034 

0.011 

0.052 

0.036 

0.014 

0.403 

0.018 

0.040 

0.014 

0.005 

0.024 

0.042 

0.174 

0.005 

0.002 

0.011 

0.001 

0.000 

0.000 

0.000 

0.206 

0.011 

0.127 

0.030 

0.004 

0.006 

0.003 

0.018 

0.070 

0.027 

0.003 

0.015 

0.008 

0.005 

0.001 

0.010 

0.005 

0.015 

0.137 

0.000 

3.908 

0.006 

1.983 

0.011 

0.054 

0.014 

0.032 

0.052 

0.185 

0.039 

0.019 

0.069 

0.168 

0.139 

0.175 

0.151 

0.169 

0.003 

0.765 

0.134 

0.162 

0.237 

0.574 

0.312 

0.004 

0.029 

0.009 

0.016 

0.158 

0.002 

0.837 

0.000 

0.006 

3.722 

0.151 

0.098 

0.173 

0.251 

0.440 

0.115 

0.113 

0.165 

2.556 

0.005 

0.028 

0.000 

0.079 

0.070 

0.138 

1.348 

0.061 

13.831 

18.167 

0.335 

0.075 

0.019 

0.141 

0.152 

0.763 

0.650 

0.553 

1.784 

0.221 

0.301 

0.006 

0.020 

0.039 

0.087 

0.210 

3.073 

0.097 

5.539 

0.204 

0.199 

0.030 

0.041 

0.046 

0.071 

0.019 

0.981 

0.054 

0.085 

0.002 

0.305 

5.365 

0.161 

0.047 

0.003 

0.152 

0.005 

0.000 

0.038 

0.060 

0.121 

0.003 

0.023 

0.000 

0.018 

0.061 

0.000 

0.003 

16.020 

18.850 

0.161 

0.046 

0.047 

0.047 

0.006 

0.059 

0.096 

0.041 

0.060 

0.027 

0.025 

0.008 

0.001 

0.029 

0.002 

0.373 

0.157 

0.001 

0.008 

0.062 

0.003 

0.000 

0.036 

0.012 

0.007 

0.072 

0.001 

0.004 

0.005 

0.644 

0.179 

0.001 

0.083 

1.087 

0.002 

0.215 

0.003 

0.024 

0.043 

0.052 

0.339 

0.004 

2.005 

0.011 

0.099 

0.020 

0.010 

0.019 

0.015 

0.064 

0.934 

0.039 

0.016 

0.080 

0.000 

0.034 

0.105 

0.108 

0.106 

0.237 

0.148 

0.098 

0.217 

0.132 

0.053 

0.016 

42.070 

0.068 

0.168 

0.100 

0.253 

0.000 

0.015 

0.000 

0.000 

0.012 

0.037 

0.002 

0.003 

0.015 

0.016 

0.064 

0.032 

0.064 

0.263 

0.082 

0.052 

0.025 

0.039 

72.988 

0.285 

0.154 

0.071 

0.271 

0.216 

0.295 

0.354 

0.266 

0.356 

0.295 

0.682 

0.043 

0.027 

0.004 

0.009 

0.137 

0.050 

0.252 

0.263 

0.332 

0.426 

0.000 

0.012 

0.002 

0.021 

0.202 

0.013 

0.003 

0.073 

45.926 

0.109 

0.012 

0.001 

0.005 

0.001 

0.000 

0.009 

0.007 

0.009 

0.008 

0.025 

0.647 

0.528 

0.0982555.7782639.127 

0.439 

0.394 

0.541 

0.624 

0.828 

0.601 

0.603 

0.200 

0.446 

0.887 

0.518 

0.358 

0.370 

0.395 

0.162 

The  minimum  and  maximum  are  1 .40731596E-09  2805.9422 
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Table  B-R4d 
Rockwell  BIBIB  Array 
Background  Run  #4  (BG  #4) 

KURTOSIS 


KURT 


1.934 

1.935 

2.231 

2.609 

1.933 

3.861 

2.127 

3.301 

3.558 

2.365 

3.143 

3.551 

3.459 

3.469 

3.608 

3.834 

3.505 

4.232 

3.489 

4.318 

3.171  : 

280.089 

3.126 

3.022 

289.452 

52.849 

3.305 

3.622 

3.384 

3.854 

231.886 

6.094 

2.849 

2.934 

2.983 

3.211 

3.217 

2.937 

3.153 

7.523 

3.513 

3.131 

3.343 

8.630 

3.124 

3.195 

3.738 

3.776 

3.466 

3.537 

3.058 

3.048 

2.900 

4.482 

3.3372897.953 

2.799 

3.038 

5.515 

3.0022931.527 

3.171 

3.237 

3.444 

3.238 

3.037 

4.575 

3.306 

3.527 

2.728 

2.839 

2.836 

2.967 

2.970 

2.809 

2.608 

2.751 

2.768 

3.105 

3.183 

2.974 

2.801 

3.242 

4.310 

3.005 

3.162 

3.260 

3.345 

4.609 

3.074 

2.931 

2.787 

8.574 

5.299 

2.249 

2.924 

2.676 

3.276 

3.124 

3.049 

2.985 

2.942 

3.057 

3.017 

37.099 

3.164 

3.061 

3.101 

3.244 

4.602 

3.079 

2.838 

2.914 

2.957 

3.125 

56.681 

41.190 

2.664 

3.578 

3.745 

3.959 

3.949 

3.842 

4.074 

6.172 

3.339 

7.026 

4.374 

4.205 

2.771 

2.744 

2.783 

2.876 

2.993 

3.976 

2.760 

2.867 

2.948 

2.946 

3.143 

3.247 

3.391 

3.221 

3.548 

3 .020 

3.254 

3.164 

3.275 

3.154 

2.753 

2.960 

2.893 

2.841 

3.378 

2.945 

2.799 

2.955 

3.143 

3.348 

3.214 

3.028 

3.132 

3.306 

3.773 

3.211 

3.135 

3.332 

3.135 

3.573 

2.782 

2.744 

2.745 

2.864 

2.863 

3.112 

8.993 

3.559 

8.664 

3.366 

2.748 

3.054 

2.808 

2.682 

3.960 

3.688 

3.011 

3.129 

3.488 

2.877 

5.749 

4.200 

4.387 

3.982 

4.819 

3.715 

3.485 

2.822 

4.009 

4.136 

3.237 

4.846 

3.140 

3.369 

3.614 

3.096 

2.859 

2.959 

3.380 

3.235 

3.189 

7.008 

3.029 

2.855 

2.904 

2.667 

2.822 

4.178 

4.843 

3.010 

3.006 

2.888 

2.885 

2.960 

3.437 

3.058 

8.792 

2.869 

10.566 

2.934 

2.511 

2.683 

2.717 

2.661 

2.937 

2.474 

2.681 

2.572 

5.875 

3.401 

3.318 

2.919 

2.957 

3.221 

3.370 

3.029 

25.403 

3.388 

20.843 

3.278 

2.779 

3.221 

3.212 

3.287 

3.569 

3.405 

3.125 

3.313 

3.448 

3.635 

3.555 

3.524 

3.511 

3.558 

4.531 

3.373 

3.394 

3.615 

17.719 

3.838 

3.284 

3.209 

3.295 

3.346 

3.698 

3.058 

13.241 

3.444 

3.623 

45.939 

3.158 

3.202 

3.345 

3.334 

3.760 

3.098 

3.090 

3.084 

27.692 

7.453 

3.309 

3.350 

3.209 

3.425 

4.027 

23.236 

3.754 

58.670 

61.053 

4.118 

3.061 

3.386 

3.498 

3.651 

4.163 

17.456 

18.885 

24.162 

3.981 

4.106 

2.920 

3.042 

2.929 

2.900 

3.399 

33.210 

2.868 

34.798 

3.098 

3.247 

2.845 

2.912 

2.987 

2.938 

2.860 

18.917 

3.089 

8.135 

7.004 

3.565 

48.305 

6.625 

3.162 

3.073 

4.063 

3.396 

3.100 

2.885 

3.077 

3.373 

3.088 

4.506 

3.218 

3.290 

3.255 

2.906 

3.016 

63.043 

61.104 

3.451 

2.978 

2.943 

3.034 

3.013 

3.190 

3.094 

2.913 

2.997 

3.015 

2.862 

3.204 

2.909 

2.909 

2.954 

3.519 

3.526 

2.859 

3.170 

3.183 

3.088 

2.724 

4.299 

2.863 

2.836 

3.169 

2.722 

2.926 

2.887 

16.279 

3.227 

3.105 

3.193 

13.043 

3.639 

4.125 

2.694 

3.079 

3.217 

3.166 

3.666 

3.096 

26.402 

2.908 

5.171 

3.212 

2.958 

2.992 

3.077 

3.142 

16.865 

3.038 

3.006 

3.101 

4.072 

9.012 

3.436 

3.247 

3.345 

3.502 

3.145 

2.988 

3.309 

3.232 

4.550 

3.349 

171.769 

3.094 

3.323 

3.213 

3.403 

3.195 

2.942 

2.968 

3.059 

3.200 

2.953 

3.056 

3.177 

3.255 

3.307 

3.209 

2.870 

2.869 

9.621 

3.322 

2.947 

3.295 

3.052 

250.459 

3.583 

3.411 

3.178 

3.385 

3.275 

3.414 

3.301 

3.282 

3.404 

3.272 

3.816 

3.052 

3.325 

3.246 

3.281 

4.048 

4.597 

3.860 

3.800 

3.889 

4.436 

3.087 

3.177 

2.923 

3.138 

3.507 

3.059 

3.077 

3.513 

153.624 

3.604 

2.595 

2.675 

2.677 

2.507 

2.656 

2.467 

2.673 

2.756 

2.735 

2.649 

4.444 

4.434 

3.7172755.5032815.710 

4.424 

4.042 

3.977 

4.141 

4.095 

3.308 

3.231 

5.378 

3.108 

3.276 

3.435 

3.044 

3.124 

3.180 

2.732 

The  minimum  and  maximum  are  1.9328078  2931.5273 
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Table  B-R5a 
Rockwell  BIBIB  Array 
Background  Run  #5  (BG  #5) 

AVERAGE  COUNT/ FRAME  FOR  3200  FRAMES 


AVE 


404. 

23 

441. 

18 

555. 

02 

997. 

13 

454. 

79 

473. 

98 

469. 

58 

19. 

41 

20. 

25 

464. 

00 

388. 

80 

416. 

31 

423. 

22 

421. 

57 

429. 

08 

17. 

13 

443. 

87 

13. 

09 

443. 

09 

16. 

90 

417. 

16 

444. 

74 

443. 

07 

446. 

61 

448. 

14 

477. 

65 

463. 

45 

463. 

09 

458. 

19 

534. 

71 

449. 

09 

720. 

36 

473. 

79 

474. 

92 

472. 

87 

498. 

67 

894. 

10 

484. 

44 

524. 

20 

487. 

24 

471. 

79 

492. 

07 

491. 

01 

489. 

24 

488. 

.07 

561. 

91 

501. 

99 

498. 

57 

490. 

54 

497. 

66 

462. 

60 

489. 

91 

496. 

82 

493. 

38 

496. 

,83 

512. 

89 

554. 

35 

503. 

82 

497. 

20 

497. 

84 

475. 

72 

509. 

27 

520. 

17 

520. 

39 

517, 

,29 

535. 

28 

529. 

94 

20. 

15 

521. 

12 

523. 

38 

476. 

51 

524. 

25 

537. 

55 

533. 

,54 

531, 

.75 

555. 

01 

546. 

73 

546. 

12 

537. 

50 

543. 

21 

535. 

.79 

538. 

.80 

554. 

20 

849. 

.99 

550. 

.11 

569. 

75 

564. 

78 

560. 

26 

549. 

44 

20. 

37 

47. 

.61 

549. 

.67 

563. 

.79 

558. 

.23 

561. 

,00 

25. 

89 

573. 

81 

569. 

83 

562. 

22 

567. 

54 

520. 

.46 

572. 

.55 

586. 

.36 

580. 

.22 

580 

.71 

603. 

,30 

596. 

,30 

591. 

90 

576. 

.96 

579. 

67 

526. 

.62 

586, 

.16 

643 

.75 

594 

.95 

664 

.40 

613. 

,09 

606. 

,20 

606. 

.74 

872. 

.82 

596. 

64 

527. 

.37 

587, 

.23 

601, 

.74 

747 

.87 

865 

.03 

620, 

.31 

810. 

,86 

622. 

.53 

603. 

.53 

611. 

.54 

521 

.71 

582, 

.06 

597 

.02 

650 

.56 

595 

.60 

617, 

.51 

611. 

.16 

612. 

.10 

610 

.10 

624. 

.32 

524 

.97 

582 

.20 

920 

.52 

599 

.62 

598 

.06 

620. 

.08 

615. 

,88 

616. 

.06 

612. 

.25 

636. 

,36 

516 

.54 

573 

.99 

587, 

.55 

595 

.21 

592 

.43 

614. 

.36 

611. 

.50 

611. 

.71 

612. 

.82 

632. 

.39 

510 

.52 

568 

.98 

587 

.47 

590 

.98 

592 

.36 

613 

.66 

611. 

.60 

612. 

.92 

808 

.23 

639. 

.07 

642 

.99 

562 

.74 

583 

.30 

588 

.42 

588 

.57 

611. 

.05 

606. 

.81 

611, 

.06 

609. 

.27 

636. 

.31 

499 

.48 

558 

.08 

583 

.26 

583 

.61 

593 

.75 

610, 

.91 

609. 

.29 

611. 

.90 

614 

.82 

858. 

.11 

495 

.79 

556 

.06 

578 

.91 

586 

.33 

592 

.20 

696 

.58 

609, 

.09 

611 

.50 

614 

.37 

882 

.85 

498 

.70 

559 

.09 

584 

.40 

592 

.30 

596 

.30 

617, 

.55 

612 

.31 

876 

.04 

612 

.17 

795 

.37 

503 

.20 

559 

.85 

586 

.94 

595 

.91 

599 

.58 

623 

.11 

650. 

.60 

923 

.73 

624 

.25 

639 

.94 

522 

.00 

872 

.26 

585 

.99 

594 

.30 

592 

.98 

617 

.84 

614 

.62 

690 

.97 

611 

.10 

623 

.26 

684 

.75 

544 

.43 

582 

.86 

590 

.71 

591 

.69 

617 

.00 

614 

.63 

617 

.72 

608 

.92 

618 

.93 

512 

.43 

593 

.54 

585 

.93 

950 

.85 

594 

.85 

585 

.10 

609 

.70 

613 

.53 

609 

.37 

617 

.50 

509 

.52 

567 

.54 

585 

.29 

587 

.30 

593 

.41 

615 

.07 

609 

.81 

613 

.65 

609 

.86 

616 

.37 

521 

.81 

578 

.09 

592 

.66 

915 

.92 

593 

.99 

617 

.14 

615 

.79 

616 

.93 

609 

.93 

617 

.93 

517 

.61 

571 

.79 

587 

.04 

588 

.37 

589 

.09 

611 

.73 

609 

.44 

611 

.64 

620 

.22 

930 

.77 

522 

.00 

573 

.56 

590 

.29 

589 

.63 

587 

.34 

611 

.50 

609 

.24 

611 

.14 

607 

.15 

612 

.77 

518 

.47 

574 

.41 

953 

.42 

588 

.62 

591 

.78 

609 

.50 

606 

.12 

607. 

.42 

607 

.27 

614. 

.33 

516 

.89 

570 

.98 

581 

.66 

589 

.62 

589 

.08 

607, 

.90 

604. 

.62 

608 

.29 

614 

.19 

632. 

.16 

514 

.76 

566 

.35 

582 

.13 

585 

.38 

585 

.77 

605. 

.39 

602, 

.73 

608 

.34 

611 

.15 

621. 

.29 

515 

.57 

566 

.44 

576 

.35 

585 

.32 

915 

.41 

604 

,51 

604 

.28 

608 

.79 

608 

.80 

613. 

.29 

602 

.97 

560 

.56 

572 

.94 

574 

.11 

573 

.61 

597, 

.14 

598. 

.84 

602 

.75 

602 

.47 

608. 

.19 

507 

.05 

560 

.82 

575 

.48 

577 

.68 

818 

.31 

600, 

.42 

602 

.85 

606 

.63 

607 

.00 

613. 

.57 

498 

.67 

550 

.12 

565 

.99 

571 

.16 

566 

.46 

854 

.92 

595 

.32 

599 

.36 

600 

.32 

654 

.42 

498 

.11 

555 

.67 

564 

.86 

571 

.05 

565 

.07 

590 

.51 

593 

.70 

597 

.67 

603 

.31 

870 

.80 

493 

.47 

814 

.91 

753 

.56 

572 

.25 

570 

.67 

731 

.17 

589 

.31 

591 

.95 

604 

.84 

613 

.95 

491 

.14 

541 

.70 

559 

.58 

566 

.50 

567 

.07 

853 

.64 

585 

.74 

621 

.22 

644 

.65 

612 

.99 

486 

.59 

542 

.20 

556 

.37 

557 

.05 

560 

.46 

571 

.33 

579 

.85 

581 

.05 

761 

.07 

607 

.71 

492 

.36 

521 

.43 

556 

.32 

561 

.16 

560 

.05 

582 

.35 

580 

.53 

581 

.09 

581 

.38 

591 

.22 

485 

.02 

43 

.68 

549 

.44 

557 

.66 

552 

.01 

576 

.84 

574 

.38 

574 

.30 

574 

.11 

580 

.84 

503 

.38 

744 

.03 

565 

.64 

570 

.51 

648 

.76 

589 

.40 

588 

.32 

587 

.22 

588 

.26 

599 

.59 

486 

.85 

537 

.21 

545 

.69 

557 

.02 

556 

.50 

576 

.50 

573 

.15 

740 

.73 

576 

.77 

585 

.61 

520 

.56 

616 

.04 

552 

.72 

580 

.43 

555 

.79 

590 

.08 

568 

.05 

563 

.31 

568 

.35 

797 

.51 

477 

.43 

526 

.42 

540 

.87 

547 

.24 

543 

.66 

561 

.56 

555 

.81 

555 

.23 

556 

.23 

565 

.39 

472 

.76 

517 

.15 

532 

.14 

533 

.18 

530 

.47 

550 

.36 

545 

.44 

543 

.75 

865 

.37 

556 

.39 

463 

.83 

506 

.12 

519 

.00 

520 

.49 

521 

.10 

539 

.96 

535 

.08 

532 

.87 

536 

.75 

547 

.46 

453 

.87 

498 

.06 

769 

.03 

508 

.48 

510 

.55 

528 

.44 

522 

.50 

520 

.62 

525 

.59 

532 

.83 

432 

.72 

473 

.26 

479 

.95 

487 

.03 

488 

.03 

526 

.96 

529 

.17 

531 

.44 

534 

.64 

718 

.45 

The  minimum  and  maximum  are  13.088437  997.13469 
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Table  B-R5b 
Rockwell  BIBIB  Array 
Background  Run  #5  (BG  it 5) 

VARIANCE 


VAR 


9.63 

11.36 

9.81 

2.98 

5.23 

13.84 

12.24 

24.59 

26.77 

15.19 

3.92 

3.57 

3.86 

4.60 

2.91 

10.03 

5.19 

14.08 

6.65 

22.22 

4.04 

9.65 

4.48 

5.32 

4.01 

5.61 

5.86 

5.79 

6.28 

6.44 

4.50 

3.85 

3.46 

3.80 

2.14 

3.89 

1.83 

4.56 

4.54 

5.02 

2.84 

3.10 

3.14 

3.51 

2.24 

4.25 

3.94 

4.19 

4.16 

5.43 

3.69 

3.99 

3.95 

4.67 

2.52 

167.20 

5.51 

5.61 

5.49 

6.97 

4.18 

169.56 

4.56 

5.12 

3.25 

5.13 

6.01 

17.80 

6.08 

6.72 

3.73 

3.74 

3.88 

4.58 

2.43 

4.23 

5.32 

4.97 

5.01 

5.95 

3.30 

4.34 

4.55 

6.83 

3.31 

5.10 

5.83 

6.26 

5.84 

32.92 

2.62 

3.06 

3.21 

3.92 

2.01 

12.00 

4.28 

4.12 

4.03 

4.34 

4.02 

4.30 

4.57 

5.39 

2.88 

5.22 

5.80 

5.66 

7.22 

7.13 

2.95 

3.05 

2.87 

3.62 

1.83 

3.50 

4.45 

4.20 

1.20 

4.86 

4.60 

4.32 

4.65 

4.38 

2.57 

5.31 

4.67 

5.70 

5.50 

6.61 

5.04 

5.31 

5.38 

6.78 

3.01 

6.47 

7.15 

6.69 

7.13 

8.34 

4.54 

4.35 

3.60 

5.32 

2.44 

5.02 

6.32 

5.61 

5.47 

5.71 

4.57 

4.71 

5.12 

5.51 

2.72 

5.82 

6.49 

5.95 

6.30 

6.57 

86.15 

4.54 

4.68 

5.19 

2.91 

5.84 

5.77 

5.53 

5.37 

6.15 

5.95 

6.65 

6.94 

7.37 

5.57 

7.30 

6.76 

6.28 

7.28 

6.17 

7.74 

8.29 

8.44 

9.59 

5.77 

10.52 

10.29 

10.21 

10.22 

12.36 

4.68 

4.80 

5.12 

5.82 

2.94 

6.36 

6.70 

6.52 

6.26 

A. 44 

4.10 

3.81 

4.07 

4.76 

5.21 

6.70 

5.68 

4.36 

5.35 

8.37 

2.79 

2.76 

3.07 

3.27 

3.32 

9.08 

11.85 

0.80 

4.23 

4.43 

4.76 

3.66 

4.90 

4.93 

2.66 

6.79 

12.55 

6.47 

6.08 

7.06 

5.88 

6.57 

7.05 

8.00 

3.61 

10.03 

11.01 

8.52 

10.97 

9.97 

3.32 

3.73 

4.21 

2.84 

2.35 

4.50 

4.57 

4.48 

5.61 

5.10 

4.09 

3.68 

3.81 

4.28 

2.59 

3.95 

4.66 

4.16 

4.94 

5.35 

4.92 

4.71 

4.90 

3.91 

3.16 

5.71 

6.38 

6.81 

6.53 

7.22 

3.38 

3.27 

3.67 

4.11 

2.53 

4.16 

4.73 

4.65 

4.57 

2.77 

4.53 

4.63 

4.64 

5.37 

3.35 

5.42 

5.73 

6.07 

8.41 

6.31 

2.67 

2.94 

0.83 

3.35 

2.00 

3.45 

4.49 

4.82 

5.57 

4.87 

4.33 

4.30 

4.34 

4.83 

3.46 

6.16 

5.72 

5.56 

5.82 

6.30 

3.63 

4.03 

4.13 

4.94 

2.93 

5.50 

5.64 

5.39 

5.85 

6.98 

5.68 

6.22 

6.62 

7.27 

0.51 

7.38 

7.49 

7.23 

8.85 

8.96 

3.29 

3.48 

3.79 

4.38 

3.73 

3.91 

4.65 

4.46 

4.37 

5.44 

3.16 

3.14 

3.25 

3.97 

2.43 

3.69 

4.08 

4.03 

5.23 

5.02 

4.28 

4.61 

5.01 

5.37 

2.56 

4.97 

6.19 

5.91 

6.03 

6.40 

3.05 

3.28 

3.46 

3.68 

2.86 

3.47 

3.91 

3.68 

3.99 

3.60 

4.47 

4.41 

4.01 

5.37 

3.07 

5.03 

6.23 

5.71 

6.32 

7.12 

3.03 

3.09 

3.35 

3.59 

2.63 

2.94 

4.00 

3.77 

3.78 

4.77 

3.32 

3.37 

3.87 

4.41 

1.92 

4.69 

4.85 

4.60 

3.99 

5.49 

4.62 

3.35 

4.52 

4.94 

2.92 

5.09 

6.16 

5.83 

5.70 

7.92 

4.21 

4.58 

4.53 

5.03 

2.69 

4.77 

6.27 

5.61 

5.91 

6.55 

2.52 

2.62 

2.96 

3.25 

1.78 

3.11 

3.72 

3.70 

3.59 

3.92 

2.55 

2.60 

3.03 

3.20 

2.33 

3.35 

3.66 

3.40 

3.83 

4.23 

3.88 

3.66 

3.63 

4.09 

2.94 

4.06 

4.77 

4.81 

4.35 

,4.11 

2.19 

2.14 

2.45 

2.50 

1.96 

2.64 

3.34 

3.67 

3.72 

4.15 

4.69 

4.92 

5.14 

5.91 

3.67 

5.70 

6.48 

6.31 

1.46 

8.08 

5.29 

5.18 

5.64 

6.27 

2.75 

6.04 

7.00 

6.69 

6.22 

6.94 

8.38 

7.81 

5.47 

91.73 

172.31 

7.91 

10.20 

10.41 

10.60 

12.44 

13.22 

12.08 

13.65 

13.19 

11.59 

10.99 

12.73 

12.63 

12.99 

10.67 

The  minimum  and  maximum  are  0.51470420  172.31468 
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Table  B-R5c 
Rockwell  BIBIB  Array 
Background  Run  #5  (BG  #5) 

SKEWNESS 


SKEW 


0.086 

9.050 

0.098 

0.004 

0.107 

0.304 

0.047 

0.113 

0.204 

0.002 

0.027 

0.001 

0.002 

0.011 

0.001 

0.126 

0.033 

0.350 

30 . 000 

0.563 

0.017 

L44.877 

0.042 

0.007 

0.163 

0.253 

0.045 

0.091 

0.145 

0.200 

60.100 

4.236 

0.006 

0.015 

0.018 

0.003 

0.090 

0.182 

0.004 

0.076 

0.012 

0.000 

0.010 

0.029 

0.006 

0.113 

0.005 

0.002 

0.010 

0.023 

0.003 

0.000 

0.028 

0.396 

0.1151473.024 

0.001 

0.002 

0.023 

0.060 

0.0521473.643 

0.032 

0.056 

0.321 

0.032 

0.064 

0.732 

0.127 

0.163 

0.001 

0.002 

0.001 

0.004 

0.001 

0.007 

0.007 

0.003 

0.000 

0.007 

0.006 

0.008 

0.000 

0.028 

0.273 

0.007 

0.002 

0.016 

0.042 

0.704 

0.160 

0.011 

0.001 

1.464 

0.008 

0.003 

0.000 

0.004 

0.000 

0.016 

0.008 

0.019 

0.034 

0.062 

0.144 

0.057 

0.043 

0.079 

21.761 

0.289 

0.111 

0.098 

0.037 

0.047 

0.008 

0.086 

4.571 

4.612 

0.098 

0.186 

0.300 

0.333 

0.232 

0.204 

0.300 

0.290 

0.062 

0.121 

0.320 

0.029 

0.010 

0.019 

0.004 

0.003 

0.000 

0.004 

0.006 

0.186 

0.133 

0.004 

0.002 

0.001 

0.002 

0.000 

0.105 

0.045 

0.034 

0.004 

0.083 

0.033 

0.005 

0.005 

0.003 

0.000 

0.001 

0.007 

0.133 

0.006 

0.013 

0.046 

2768.180 

0.007 

0.012 

0.008 

0.172 

0.001 

0.142 

0.025 

0.037 

0.120 

0.001 

0.032 

0.012 

0.002 

0.003 

0.602 

0.429 

0.002 

1.359 

0.005 

0.016 

0.004 

0.010 

0.016 

0.037 

0.186 

0.104 

0.005 

0.012 

0.006 

0.387 

0.221 

0.276 

0.256 

0.030 

0.423 

1.995 

0.664 

0.117 

0.502 

0.002 

0 .  wSO 

0.019 

0.036 

0.243 

0.069 

0.025 

0.024 

0.045 

0.001 

0.000 

0.067 

0.001 

0.020 

0.128 

0.367 

0.059 

0.071 

0.000 

0.029 

0.013 

0.002 

0.003 

0.007 

0.011 

0.041 

0.019 

0.003 

0.083 

0.000 

0.073 

0.015 

0.014 

0.009 

0.002 

0.011 

0.233 

0.017 

2.765 

0.056 

0.001 

0.003 

0.000 

0.035 

0.026 

0.005 

0.026 

0.001 

3.025 

0.000 

0.202 

0.098 

0.137 

0.106 

0.171 

0.035 

0.357 

0.087 

0.103 

0.094 

0.123 

0.132 

0.083 

0.009 

0.382 

0.073 

0.121 

0.133 

0.168 

0.174 

0.004 

0.002 

0.002 

0.010 

0.266 

0.013 

0.001 

0.027 

0.000 

0.064 

0.258 

0.199 

0.289 

0.315 

0.518 

0.275 

0.154 

0.001 

6.413 

0.286 

0.025 

0.019 

0.037 

0.110 

0.136 

0.074 

4.213 

12.295 

7.664 

0.336 

0.041 

0.036 

0.056 

0.058 

0.492 

5.284 

0.334 

0.278 

0.088 

0.245 

0.000 

0.016 

0.040 

0.037 

0.087 

2.546 

0.058 

0.309 

0.122 

0.044 

0.001 

0.029 

0.015 

0.032 

0.009 

0.161 

0.048 

0.087 

0.093 

0.158 

0.002 

0.028 

0.033 

0.014 

106.312 

0.022 

0.005 

0.023 

0.034 

0.212 

0.000 

0.021 

0.011 

0.020 

0.087 

0.002 

0.008 

1.249 

5.858 

0.117 

0.116 

0.092 

0.059 

0.053 

0.026 

0.118 

0.098 

0.111 

0.042 

0.030 

0.009 

0.027 

0.022 

0.019 

0.206 

0.159 

0.006 

0.031 

0.076 

0.003 

0.065 

0.103 

0.053 

0.037 

0.039 

0.004 

0.007 

0.011 

0.628 

0.055 

0.043 

0.115 

0.004 

0.039 

0.386 

0.009 

0.115 

0.011 

0.092 

0.303 

0.010 

0.000 

0.125 

0.498 

0.000 

0.012 

0.001 

0.011 

0.072 

0.404 

0.007 

0.005 

0.094 

0.029 

0.205 

0.081 

0.085 

0.129 

0.184 

0.117 

0.060 

0.171 

0.104 

0.012 

0.011 

0.074 

0.054 

0.094 

0.088 

0.212 

0.001 

0.010 

0.000 

0.001 

0.007 

0.021 

0.004 

0.010 

0.027 

0.023 

0.013 

0.011 

0.030 

0.031 

0.074 

0.031 

0.004 

G  .025 

0.053 

0.059 

0.155 

0.199 

0.261 

0.255 

0.312 

0.336 

0.305 

0.369 

0  288 

0.550 

0.097 

0.031 

0.025 

0.016 

0.167 

0.006 

0.263 

0.252 

0.352 

0.738 

0.062 

0.067 

0.047 

0.070 

0.385 

0.048 

0.038 

0.101 

20.077 

0.145 

0.006 

0.002 

0.006 

0.000 

0.000 

0.005 

0.007 

0.014 

0.006 

0.025 

0.413 

0.309 

0.0042346.7351382.479 

0.286 

0.278 

0.330 

0.340 

0.498 

0.345 

0.326 

0.093 

0.245 

0.412 

0.304 

0.195 

0.213 

0.209 

0.090 

The  minimum  and  maximum  are  1 .44120629E-05  2768.1800 
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Table  B-R5d 
Rockwel 1  BIBIB  Array 
Background  Run  #5  (BG  #5) 

KURTOSIS 


KURT 


2.245 

59.197 

2.209 

2.470 

2.238 

4.950 

2.328 

2.732 

2.750 

2.350 

3.126 

3.034 

3.131 

2.994 

6.499 

2.961 

3.219 

2.902 

151.960 

2.787 

2.943 

259.265 

2.691 

2.738 

2.724 

14.934 

2.827 

2.885 

2.753 

3.043 

228.753 

23.709 

2.902 

2.983 

2.822 

3.277 

3.384 

10.145 

2.971 

3.147 

3.503 

3.306 

3.412 

3.305 

3.252 

4.131 

3.820 

3.211 

3.386 

3.952 

3.037 

2.794 

3.660 

7.979 

6.6781514.148 

2.967 

2.992 

3.238 

3.142 

2.9121514.585 

2.859 

2.924 

2.897 

2.981 

2.880 

2.953 

2.879 

2.884 

2.662 

2.942 

2.887 

2.897 

2.967 

2.904 

2.723 

2.775 

2.929 

2.979 

3.165 

2.951 

2.857 

2.842 

3.227 

2.933 

3.054 

3.229 

2.871 

2.783 

7.899 

3.071 

2.910 

13.522 

2.987 

2.558 

3.059 

2.870 

3.384 

3.167 

3.158 

3.267 

3.121 

3.218 

3.046 

2.972 

3.282 

3.245 

108.806 

3.310 

4.568 

2.908 

2.991 

2.988 

3.425 

3.023 

38.699 

40.748 

4.030 

3.481 

3.872 

3.313 

3.300 

3.303 

3.052 

4.704 

3.138 

4.590 

3.146 

6.906 

2.834 

2.921 

2.813 

2.744 

2.923 

2.695 

2.709 

6.354 

6.917 

2.760 

3.112 

3.250 

3.357 

3.254 

3.190 

5.903 

5.279 

3.041 

8.205 

2.998 

2.714 

2.781 

2.815 

2.761 

3.267 

2.889 

6.833 

2.802 

6.445 

3.068 

2905.274 

3.117 

3.060 

3.158 

3.353 

3.242 

8.085 

3.113 

3.131 

3.304 

2.796 

2.796 

2.679 

2.709 

2.302 

9.575 

10.105 

2.802 

16.149 

2.923 

2.502 

2.465 

2.473 

2.408 

2.441 

3.914 

4.591 

2.416 

3.482 

3.011 

4.335 

3.474 

3.643 

3.541 

3.691 

3.792 

14.201 

7.572 

3.756 

3.801 

3.908 

3.432 

3.086 

3.266 

2.972 

3.020 

3.075 

4.989 

3.141 

2.622 

3.070 

5.148 

3.016 

3.314 

3.429 

3.842 

2.537 

4.146 

3.827 

3.208 

2.351 

2  840 

2.965 

3.009 

3.009 

3.086 

2.888 

3.087 

7.909 

3.123 

3.701 

2.888 

2.827 

2.747 

2.954 

2.747 

4.061 

2.564 

16.554 

3.173 

3.272 

2.859 

2.872 

3.453 

3.024 

2.866 

2.864 

3.105 

25.017 

2.943 

3.163 

3.149 

3.212 

3.239 

3.198 

3.307 

13.210 

3.300 

12.031 

3.163 

3.151 

3.186 

3.117 

3.568 

3  151 

3.050 

3.203 

3.106 

3.156 

3.177 

3.142 

3.292 

3.082 

3.129 

3.581 

3.045 

3.269 

3.255 

5.041 

3.103 

3.465 

3.378 

3.547 

3.375 

3.406 

3.276 

3.156 

8.062 

33.587 

3.038 

3.364 

3.341 

3.617 

3.530 

3.555 

3.565 

38.986 

55.564 

42.784 

3.599 

2.898 

3.248 

3.222 

3.177 

3.358 

32.962 

16.331 

11.941 

9.910 

3.416 

2.743 

2.765 

2.791 

2.674 

2.818 

28.486 

2.571 

11.919 

2.742 

3.271 

2.564 

2.719 

2.691 

2.734 

2.925 

10.514 

2.720 

7.588 

9.062 

2.789 

2.863 

3.153 

3.104 

3.153 

325.466 

2.857 

3.185 

2.813 

2.785 

12.190 

2.980 

3.036 

3.026 

3.084 

2.892 

2.950 

2.913 

23.840 

37.853 

2.871 

3.155 

2.941 

2.821 

2.742 

2.866 

2.971 

2.950 

2.911 

2.789 

2.765 

3.040 

2.970 

2.823 

2.852 

2.874 

3.194 

2.834 

3.033 

2.885 

3.217 

4.193 

4.092 

2.949 

2.858 

2.766 

2.844 

3.034 

2.918 

13.227 

2.758 

3.327 

3.123 

6.244 

3.513 

3.637 

3.629 

3.282 

5.490 

3.197 

3.156 

3.208 

3.040 

5.378 

9.140 

3.306 

3.106 

2.988 

3.234 

3.124 

12.737 

4.772 

2.704 

2.912 

3.491 

3.334 

3.021 

3.065 

3.094 

3.118 

2.864 

3  095 

3.209 

3.370 

5.371 

3.199 

3.292 

3.073 

3.190 

3.063 

3.220 

3.008 

2.669 

2.769 

3.027 

2.943 

2.780 

2.877 

2.785 

2.831 

3.002 

3.311 

2.787 

2.994 

5.919 

2.898 

2.987 

3.095 

2.945 

2.934 

2.986 

3.251 

3.116 

3.187 

3.249 

3.180 

3.244 

3.256 

3.075 

3.299 

3.216 

3.351 

3.571 

3.254 

3.382 

3.567 

3.184 

3.816 

3.515 

3.720 

4.175 

3.106 

3.120 

2.951 

3.042 

3.135 

2.979 

3.010 

3.149 

115.056 

3.549 

2.744 

2.776 

2.813 

2.769 

2.770 

2.787 

2.924 

2.949 

2.984 

2.966 

3.268 

3.109 

3.3912603.5741451.997 

3.389 

3.231 

3.092 

2.977 

3.062 

2.565 

2.524 

3.925 

2.554 

2.396 

2.782 

2.610 

2.547 

2.623 

2.591 

The  mini mum  and  maximum  are  2.2089250  2905.2744 
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Table  B-R6 

Rockwell  BIBIB  Array 
RATIO  -  (AVERAGE  BG  #1 ) /AVERAGE  BG  #2) 


Ratio  R  BG  1/R  BG  2 

0.99985  0.99990  0.99967  1.00000  1.00084 
1.00031  0.99999  0.99991  0.99945  1.00091 
0.99985  0.99954  0.99978  0.99957  1.00053 
1.00117  1.00099  1.00106  1.00096  1.00158 
0.99939  0.99984  0.99954  0.99945  1.00037 
0.99979  0.99992  0.99942  0.99960  1.00099 
1.00039  1.00041  1.00015  1.00018  1.00079 
1.00019  0.99988  1.00001  1.00004  1.00109 
1.00042  1.00055  1.00072  0.99965  1.00108 
1.00383  1.00066  1.00069  1.00056  1.00166 
1.00126  1.00091  1.00073  1.00092  1.00122 
1.00035  1.00060  1.00031  1.00064  1.00112 
1.00035  1.00048  1.00029  1.00001  1.00052 
1.00091  1.00085  1.00058  1.00021  1.00134 
1.00018  1.00006  0.99945  0.99939  1.00101 
1.00065  1.00087  1.00078  1.00050  1.00137 
0.99953  0.99984  1.00000  0.99994  1.00093 
0.99949  1.00037  1.00026  1.00002  1.00120 
1.00010  1.00025  1.00013  1.00024  1.00103 
1.00018  1.00009  1.00026  1.00023  1.00114 
0.99965  0.99977  0.99971  0.99959  1.00054 
0.99987  1.00004  1.00004  0.99994  1.00076 
1.00044  0.99987  1.00017  1.00050  1.00104 
0.99837  1.00013  1.00019  0.99997  1.00076 
1.00000  1.00043  1.00014  0.99999  1.00076 
1.00029  1.00023  1.00026  0.99989  1.00132 
1.00006  1.00064  1.00041  0.99973  1.00121 
0.99967  0.99996  0.99987  1.00001  1.00093 
1.00009  0.99991  1.00005  0.99992  1.00098 
1.00062  1.00049  0.99987  1.00010  1.00143 
1.00010  1.00027  1.00017  0.39979  1.00139 
1.00113  1.00066  1.00051  1.00069  1.00137 
1.00129  1.00030  1.00028  1.00022  1.00061 
1.00079  1.00019  1.00016  1.00030  1.00145 
1.00028  0.99989  0.99961  0.99968  1.00054 
1.00078  1.00049  1.00059  1.00034  1.00154 
1.00018  1.00052  0.99972  0.99985  1.00073 
1.00054  0.99868  0.99976  1.00022  1.00135 
1.00000  1.00050  1.00020  0.99991  1.00103 
1.00048  1.00035  1.00040  1.00010  1.00109 
1.00088  1.00114  1.00068  1.00090  1.00127 
1.00013  1.00250  1.00016  1.00007  1.00130 
0.99958  0.99902  0.99976  0.99951  1.00060 
0.99990  1.00012  1.00004  1.00002  1.00074 
1.00041  1.00039  1.00052  1.00013  1.00132 
1.00044  1.00020  1.00021  1.00017  1.00116 
0.99917  0.99941  0.99891  0.99902  1.00019 
1.00044  1.00033  0.99988  0.99957  1.00081 
0.99881  0.99956  0.99917  0.99929  0.99972 
0.99795  0.99832  0.99806  0.99809  0.99946 


0.99991  1.00003  0.94995  0.94439  0.99875 
0.97248  0.99977  0.94861  0.99950  0.94217 
0.99945  0.99904  0.99937  0.99899  0.99836 
1.00034  1.00006  1.00047  1.00056  1.00031 
0.99969  0.99924  0.99916  0.99910  0.99929 
1.00091  0.99896  0.99937  0.99928  0.99893 
1.00010  0.99987  0.95157  0.99962  0.99910 
0.99968  0.99974  0.99977  0.99977  0.99910 
1.00054  1.00062  1.00006  1.00023  0.94254 
0.99193  1.00056  1.00028  1.00032  0.99997 
1.00072  1.00082  1.00072  1.00046  0.99968 
1.00058  1.00037  1.00022  1.00011  0.99976 
1.00036  1.00016  0.99999  0.99983  0.99983 
1.00041  1.00049  1.00017  1.00008  0.99997 
0.99980  0.99973  0.99956  0.99938  0.99930 
1.00036  1.00032  1.00027  1.00004  0.99999 
0.99978  0.99953  0.99985  0.99956  0.99963 
1.00008  0.99982  0.99969  0.99992  0.99982 
1.00020  1.00042  1.00025  0.99988  0.99978 
1.00003  1.00024  0.99985  0.99996  0.99957 
0.99961  0.99917  0.99956  0.99945  0.99909 
0.99984  0.99998  0.99994  0.99956  0.99950 
1.00040  1.00025  1.00026  1.00030  1.00015 
0.99989  0.99975  0.99961  0.99999  0.99996 
1.00016  0.99986  0.99993  1.00021  0.99969 
1.00007  1.00010  1.00000  0.99969  0.99951 
1.00020  1.00006  0.99974  1.00027  0.99992 
0.99989  0.99996  0.99970  0.99956  1.00020 
0.99974  0.99991  0.99977  0.99956  0.99955 
1.00029  1.00043  1.00013  0.99976  0.99996 
0.99991  1.00007  0.99981  0.99964  0.99955 
1.00065  1.00051  1.00039  1.00039  1.00037 
1.00037  1.00027  1.00023  0.99989  0.99994 
0.99992  1.00003  1.00005  1.00002  0.99992 
0.99968  0.99971  0.99939  0.99956  0.99935 
0.99953  1.00010  1.00038  1.00017  0.99967 
0.99982  0.99962  0.99983  0.99957  0.99930 
0.99983  1.00002  1.00009  0.99990  0.99974 
1.00190  0.99977  0.99970  0.99946  0.99959 
0.99988  1.00022  1.00032  0.99982  0.99997 
1.00033  1.00066  1.00037  1.00052  1.00005 
0.99991  0.99981  1.00006  0.99986  0.99976 
0.99981  0.99963  0.99943  0.99934  0.99965 
1.00009  0.99968  0.99921  0.99973  0.99958 
1.00011  1.00039  0.99992  1.00003  0.99929 
1.00009  1.00005  0.99972  0.99982  1.00003 
0.99940  0.99899  0.99905  0.99960  0.99879 
0.99995  0.99962  0.99949  0.99944  0.99929 
0.99937  0.99953  0.99937  0.99882  0.99860 
0.99812  0.99855  0.99835  0.99840  0.99835 
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Table  B-R7 

Rockwell  BIBIB  Array 
RATIO  -  (AVERAGE  BG  #3) /AVERAGE  BG  #2) 


Ratio  R  BG  3/R  BG  2 

0.99853  0.99868  1.00106  1.00008  0.99882 
0.99915  0.99861  0.99861  0.99909  0.99889 
0.99847  0.99852  0.99895  C. 99875  0.99840 
1.00006  1.00147  0.99979  0.99982  0.99911 
0.99881  0.999'3  0.99874  0.99915  0.99859 
0.99852  0.99835  0.99840  0.99860  0.99845 
0.99869  0.99877  0.99881  0.99941  0.9SS39 
0.99876  0.99836  0.99849  0.99888  0.99876 
1.00068  0.99980  0.99982  1.00067  0.99951 
0.99021  0.99959  0.99942  0.99950  0.99925 
0.99913  0.99906  0.99903  0.99905  0.99868 
0.99861  0.99910  0.99946  0.99913  0.99919 
0.99842  0.99904  0.99903  1.00055  1.00008 
0.99905  0.99925  0.99913  0.99977  0.99891 
0.99989  0.99974  1.00067  0.99990  0.99949 
0.99946  0.99974  0.99974  0.99999  0.99927 
0.99865  0.99890  0.99908  0.99923  0.99905 
1.00018  0.99933  0.99918  0.99953  0.99915 
0.99929  0.99931  0.99928  0.99951  0.99921 
0.99893  0.99917  0.99920  0.99945  0.99894 
0.99893  0.99912  0.99944  0.99940  0.99908 
0.99868  0.99887  0.99892  0.99886  0.99874 
0.99928  1.00047  0.99925  0.99957  0.99932 
0.99907  0.99841  0.99892  0.99889  0.99887 
0.99877  0.99934  0.99895  1.00000  0.99901 
0.99851  0.99849  0.99877  0.99871  0.99866 
0.99917  0.99934  0.99951  1.00073  0.99914 
0.99884  0.99856  0.99888  0.99905  0.99885 
0.99965  0.99914  0.99953  0.99979  0.99917 
0.99889  0.99851  0.99981  0.99895  0.99853 
0.99883  0.99867  0.99848  0.99915  0.99876 
0.99933  0.99879  0.99890  0.99913  0.99878 
0.99894  0.99876  0.99880  0.99887  0.99986 
1.00035  0.99921  0.99920  0.99952  0.99885 
0.99961  0.99958  0.99925  0.99969  0.99980 
0.99932  0.99920  0.99896  0.99916  0.99893 
0.99952  1.00080  0.99915  0.99951  0.99892 
0.99871  0.99930  1.00014  0.99886  0.99868 
0.99857  0.99917  0.99922  0.99889  0.99865 
0.99869  0.99913  0.99933  0.99890  0.99888 
0.99873  0.99936  0.99895  0.99908  0.99845 
0.99854  0.98241  0.99891  0.99863  0.99861 
0.99863  0.99951  0.99895  0.99871  0.99968 
0.99879  0.99879  0.99865  0.99896  0.99830 
0.99923  1.00023  0.99936  0.99916  0.99930 
0.99895  0.99860  0.99926  0.99897  0.99904 
0.99906  0.99863  0.99909  0.99918  0.99903 
0.99791  0.99764  0.99767  0.99789  0.99822 
0.99835  0.99891  1.00038  0.99965  0.99865 
0.99935  0.99954  0.99932  0.99954  0.99964 


0.99888  0.99884  0.91661  0.91234  0.99879 
0.91900  0.99892  0.88443  0.99889  0.89998 
0.99935  0.99872  0.99878  0.99871  0.99928 
0.99944  1.00080  0.99983  1.00008  0.9999G 
0.99907  0.99890  0.99907  0.99899  0.99914 
0.99882  0.99946  0.99865  0.99850  0.99811 
0.99914  0.99879  0.92592  0.99859  0.99908 
0.99890  0.99865  0.99881  0.99872  0.99845 
0.99986  1.00031  1.00001  0.99994  0.93746 
0.95971  0.99941  0.99948  0.99921  0.99963 
0.99914  0.99956  0.99967  0.99925  0.99942 
0.99935  0.99892  0.99911  1.00007  0.99911 
0.99910  1.00056  0.99907  0.99892  0.99925 
0.99914  0.99898  0.99896  0.99878  0.99921 
0.99997  1.00003  0.99976  0.99973  1.00006 
0.99967  0.99962  0.99975  0.99953  0.99963 
0.99896  0.99908  0.99939  1.00057  0.99955 
0.99959  0.99940  0.99960  0.99966  0.99954 
0.99974  0.99975  0.99958  0.99967  0.99983 
0.99989  0.99932  0.99913  0.99916  1.00023 
0.99955  0.99920  1.00029  0.99969  1.00023 
0.99887  0.99937  0.99987  0.99894  0.99910 
0.99954  0.99966  0.99959  0.99965  0.99934 
0.99893  0.99897  0.99914  0.99862  0.99891 
0.99915  0.99911  0.99891  0.99897  0.99931 
0.99908  0.99938  0.99918  0.99918  0.99917 
0.99947  0.99965  0.99975  0.99988  0.99961 
0.99927  0.99919  0.99894  0.99921  1.00023 
0.99977  0.99944  0.99962  0.99939  0.99968 
0.99873  0.99939  0.99875  0.99858  0.99905 
0.99882  0.99907  0.99892  0.99908  0.99931 
0.99935  0.99907  0.99882  0.99918  0.99934 
0.99902  0.99887  0.99903  0.99924  0.99905 
0.99937  0.99922  0.99933  0.99945  0.99980 
0.99965  0.99946  0.99916  0.99927  0.99958 
0.99938  0.99908  0.99905  0.99931  0.99964 
0.99935  0.99945  0.99926  0.99934  1.00034 
0.99969  0.99892  0.99882  0.99886  0.99903 
0.99985  0.99892  0.99956  0.99966  0.99935 
0.99914  0.99926  0.99926  0.99970  0.99922 
0.99898  0.99917  0.99906  0.99910  0.99882 
0.99864  0.99850  0.99864  0.99843  0.99860 
0.99899  0.99898  0.99900  0.99909  0.99916 
0.99917  0.99852  0.99944  0.99878  0.99860 
0.99969  0.99951  0.99951  0.99959  1.00018 
0.99904  0.99892  0.99880  0.99883  0.99884 
0.99915  0.99897  0.99906  1.00033  0.99912 
0.99802  0.99790  0.99756  0.99768  0.99816 
0.99923  0.99955  0.99942  0.99946  0.99964 
0.99946  0.99975  0.99993  1.00008  1.00068 
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Table  B-R8 

Rockwell  BIBIB  Array 
RATIO  -  (AVERAGE  ST  #1)/AVERAGE  BG  #2) 


Ratio  St  1/R  BG  2 

0.99960  1.00312  1.03156  1.00246  1.00179 
1.00286  1.00451  1.00325  1.00231  1.00590 
1.00178  1.00179  1.00217  1.00138  1.00379 
1.00619  1.04320  1.00579  1.00560  1.00539 
0.99989  0.99927  1.00022  0.99950  1.00164 
1.00259  1.00210  1.00209  1.00159  1.00269 
1.00365  1.00358  1.00357  1.00290  1.00299 
1.00176  1.00208  1.00228  1.00139  1.00268 
1.01852  1.00394  1.00411  1.02792  1.00341 
1.00730  1.00234  1.00206  1.00159  1.00264 
1.00161  1.00260  1.00244  1.00241  1.00226 
1.00104  1.00308  1.01353  1.00222  1.02115 
1.00139  1.00339  1.00282  1.02970  1.03506 
1.00394  1.00464  1.00417  1.01181  1.00349 
1.00139  1.00213  1.02198  1.00143  1.00342 
1.00373  1.00498  1.00494  1.00405  1.00433 
1.00070  1.00241  1.00169  1.00140  1.00282 
1.03094  1.00390  1.00320  1.00286  1.00430 
1.00220  1.00425  1.00343  1.00367  1.00458 
0.99973  1.00146  1.00084  1.00096  1.00373 
1.00204  1.00320  1.00252  1.00244  1.00403 
0.99849  1.00059  1.00012  0.99952  1.00116 
1.00407  1.03096  1.00567  1.00411  1.00402 
1.03993  1.00406  1.00403  1.00258  1.00339 
1.00124  1.00745  1.00275  1.00806  1.00283 
1.00300  1.00426  1.00379  1.00289  1.00374 
1.00150  1.00385  1.00289  1.02402  1.00428 
1.00056  1.00266  1.00179  1.00086  1.00305 
1.00660  1.00839  1.00703  1.00603  1.00667 
1.00430  1.00645  1.00495  1.00423  1.00450 
1.00133  1.00326  1.00217  1.00163  1.00355 
1.00253  1.00427  1.00371  1.00300  1.00429 
1.00438  1.00578  1.00482  1.00487  1.00382 
1.0^722  1.00360  1.00352  1.00357  1.00476 
1.00192  1.00401  1.00234  1.00260  1.03454 
1.00443  *.'*’0534  *.00542  1.00475  1.00516 
1.0030C  0578  1.00320  1.00301  1.00482 
1.O0C5  '  03559  1.03093  1.00091  1.00344 
0.99946  1. 0*082  1.00086  1.00106  1.00201 
1.00250  1  ’  \2  1.00311  1.00329  1.00405 
1.00! "1  l.<  .221  1.00223  1.00274  1.00359 
1.0018J  1.00073  1.00319  1.00339  1.00398 
1.00073  1.03342  1.00229  1.00263  1.02255 
1.00192  1.00353  1.00417  1.00364  1.00400 
1.00710  1.01241  1.00291  1.00642  1.00276 
1.00328  1.00481  1.00422  1.00416  1.00464 
1.00218  1.00342  1.00291  1.00261  1.00427 
1.00162  1.00305  1.00189  1.00130  1.00239 
1.00345  1.00488  1.03545  1.00439  1.00552 
1.00671  1.00824  1.00733  1.00660  1.00857 


1.00124  1.00388  0.99694  1.01049  1.00305 
1.07197  1.00350  1.13455  1.00358  1.15685 
1.00371  1.00141  1.00176  1.00177  1.01941 
1.00484  1.00764  1.00528  1.01401  1.00388 
1.00731  0.99977  1.00000  1.00026  1.00056 
1.00213  1.01036  1.00141  1.00120  1.00027 
1.00231  1.00306  0.96397  1.00216  1.00158 
1.00131  1.00200  1.00180  1.00173  1.00105 
1.00423  1.00352  1.00217  1.00393  1.01947 
0.95720  1.00193  1.00126  1.00194  1.00069 
1.00241  1.00315  1.00187  1.00207  1.00168 
1.00221  1.00225  1.00221  1.00357  1.00158 
1.00285  1.02871  1.00534  1.00308  1.00257 
1.00417  1.00492  1.00503  1.00459  1.00432 
1.00205  1.00207  1.00210  1.00162  1.00092 
1.00419  1.00448  1.00428  1.00422  1.00328 
1.00155  1.00137  1.00196  1.02226  1.00259 
1.00323  1.00301  1.00290  1.00174  1.00045 
1.00582  1.00650  1.00695  1.00456  1.01449 
1.01702  1.00503  1.00758  1.00118  1.01949 
1.00333  1.00533  1.01998  1.00241  1.01884 
1.00069  1.00984  1.02062  0.99890  0.99836 
1.00529  1.00506  1.02271  1.00498  1.00501 
1.00247  1.00343  1.00490  1.00223  1.00237 
1.00126  1.00114  1.00076  1.00110  1.00001 
1.00214  1.00271  1.00246  1.00221  1.00177 
1.00219  1.00224  1.00215  1.00231  1.00251 
1.00142  1.00137  1.00188  1.00465  1.00776 
1.00810  1.00645  1.00719  1.00710  1.00610 
1.00430  1.00488  1.00464  1.00483  1.00390 
1.00183  1.00251  1.002il  1.00208  1.00112 
1.00287  1.00352  1.00353  1.00306  1.00250 
1.00499  1.00563  1.00540  1.00455  1.00426 
1.00335  1.00377  1.00334  1.00318  1.00215 
1.00303  1.00268  1.00214  1.00184  1.00085 
1.02694  1.00504  1.00522  1.00440  1.01561 
1.00383  1.00320  1.00354  1.00284  1.02629 
1.02985  1.00081  1.00145  1.00107  0.99957 
1.03007  1.00078  1.00688  1.00905  1.00040 
1.00299  1.00275  1.00338  1.02644  1.00166 
1.00149  1.00243  1.00295  1.00203  1.00190 
1.00314  1.00236  1.00285  1.00215  1.00176 
1.00278  1.00204  1.00241  1.00186  1.00206 
1.00344  1.00301  1.02510  1.00327  1.00320 
1.00402  1.00261  1.00166  1.00207  1.03043 
1.00315  1.00426  1.00434  1.00347  1.00448 
1.00305  1.00289  1.00322  1.00669  1.00227 
1.00159  1.00199  1.00198  1.00103  1.00118 
1.00391  1.00444  1.00496  1.00392  1.00458 
1.00532  1.00584  1.00613  1.00542  1.03393 
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Table  B-R9 

Rockwell  BIBIB  Array 
RATIO  =  (AVERAGE  ST  #3) /AVERAGE  BG  #2) 

Star  3/R  BG  #2 


0.99756  1.00116  1.03022  1.00206  1.00057 
1.00299  1.00409  1.00299  1.00178  1.00542 
1.00090  1.00097  1.00131  1.00037  1.00278 
1.00625  1.04312  1.00584  1.00542  1.00489 
0.99993  0.99905  1.00006  0.99934  1.00120 
1.00257  1.00214  1.00239  1.00127  1.00267 
1.00300  1.00298  1.00315  1.00214  1.00229 
1.00174  1.00202  1.00210  1.00094  1.00245 
1.01889  1.00370  1.00375  1.02801  1.00265 
1.00879  1.00235  1.00185  1.00156  1.00275 
1.00091  1.00205  1.00166  1.00161  1.00137 
1.00068  1.00230  1.01280  1.00186  1.02057 
1.00019  1.00222  1.00166  1.02920  1.03474 
1.00291  1.00342  1.00339  1.01129  1.00292 
1.00081  1.00184  1.02210  1.00136  1.00249 
1.00339  1.00413  1.00424  1.00340  1.00364 
1.00005  1.00138  1.00127  1.00066  1.00229 
1.03052  1.00325  1.00242  1.00196  1.00328 
1.00131  1.00357  1.00282  1.00265  1.00309 
0.99922  1.00133  1.00055  1.00088  1.00320 
1.00152  1.00279  1.00195  1.00220  1.00625 
0.99874  1.00080  1.00050  0.99960  1.00351 
1.00503  1.03080  1.00625  1.00551  1.00608 
1.03935  1.00351  1.00353  1.00214  1.00376 
1.00106  1.00732  1.00252  1.00813  1.00259 
1.00333  1.00427  1.00399  1.00306  1.00364 
1.00123  1.00337  1.00246  1.02426  1.00352 
1.00045  1.00233  1.00163  1.00064  1.00287 
1.00592  1.00780  1.00669  1.00571  1.00583 
1.00417  1.00624  1.00485  1.00401  1.00438 
1.00051  1.00244  1.00150  1.00067  1.00273 
1.00236  1.00379  1.00298  1.00264  1.00372 
1.00376  1.00466  1.00394  1.00402  1.00382 
1.02692  1.00351  1.00301  1.00312  1.00423 
1.00196  1.00346  1.00189  1.00248  1.03417 
1.00469  l.OOGOO  1.00524  1.00472  1.00498 
1.00238  1.00493  1.00270  1.00258  1.00404 
0.99991  1.03599  1.03085  1.00050  1.00313 
0.99915  1.00046  1.00061  1.00071  1.00172 
1.00264  1.00318  1.00279  1.00326  1.00397 
1.00145  1.00256  1.00179  1.00242  1.00339 
1.00210  1.00153  1.00325  1.00388  1.00422 
1.00034  1.03369  1.00220  1.00219  1.02297 
1.00215  1.00319  1.00398  1.00399  1.00380 
1.00652  1.01225  1.00222  1.00613  1.00206 
1.00363  1.00457  1.00432  1.00378  1.00445 
1.00188  1.00318  1.00266  1.00222  1.00368 
1.00182  1.00325  1.00219  1.00165  1.00219 
1.00237  1.00408  1.03448  1.00386  1.00510 
1.00497  1.00648  1.00557  1.00481  1.00674 


0.99925 

1.00170 

0.91782 

0.92844 

1.00034 

1.05823 

1.00323 

1.09489 

1.00335 

1.10347 

1.00279 

1.00044 

1.00053 

1.00074 

1.01832 

1.00467 

1.00812 

1.00518 

1.01352 

1.00381 

1.00749 

0.99964 

0.99964 

0.99998 

0.99977 

1.00229 

1.01099 

1.00113 

1.00103 

0.99960 

1.00149 

1.00223 

0.91543 

1.00158 

1.00047 

1.00115 

1.00197 

1.00161 

1.00135 

1.00055 

1.00340 

1.00315 

1.00179 

1.00322 

0.95499 

0.95132 

1.00203 

1.00114 

1.00150 

1.00038 

1.00161 

1.00238 

1.00120 

1.00121 

1.00070 

1.00168 

1.00185 

1.00152 

1.00355 

1.00095 

1.00186 

1.02846 

1.00479 

1.00187 

1.00133 

1.00320 

1.00403 

1.00383 

1.00330 

1.00314 

1.00178 

1.00202 

1.00201 

1.00145 

1.00057 

1.00331 

1.00386 

1.00344 

1.00320 

1.00233 

1.00081 

1.00065 

1.00098 

1.02253 

1.00191 

1.00199 

1.00164 

1.00162 

1.00071 

0.99993 

1.00367 

1.00306 

1.00353 

1.00276 

1.01425 

1.01489 

1.00017 

0.99996 

0.99929 

1.01897 

1.00349 

1.00150 

1.01904 

1.00107 

1.01860 

1.00593 

1.01351 

1.02043 

0.99870 

0.99772 

1.01082 

1.01081 

1.02373 

1.00508 

1.00528 

1.00333 

1.00447 

1.00507 

1.00152 

1.00156 

1.00159 

1.00112 

1.00051 

1.00082 

0.99935 

1.00255 

1.00302 

1.00286 

1.00209 

1.00167 

1.00178 

1.00165 

1.00185 

1.00147 

1.00191 

1.00128 

1.00101 

1.00128 

1.00415 

1.00828 

1.00760 

1.00614 

1.00661 

1.00633 

1.00572 

1.00406 

1.00463 

1.00419 

1.00455 

1.00344 

1.00103 

1.00160 

1.00167 

1.00134 

1.00042 

1.00262 

1.00317 

1.00303 

1.00228 

1.00181 

1.00412 

1.00481 

1.00467 

1.00360 

1.00328 

1.00292 

1.00350 

1.00301 

1.00280 

1.00185 

1.00271 

1.00234 

1.00151 

1.00147 

1.00015 

1.02700 

1.00463 

1.00494 

1.00389 

1.01492 

1.00334 

1.00281 

1.00278 

1.00243 

1.02620 

1.03038 

1.00043 

1.00095 

1.00063 

0.99892 

1.03031 

1.00041 

1.00607 

1.00853 

0.99944 

1.00278 

1.00264 

1.00320 

1.02681 

1.00121 

1.00093 

1.00204 

1.00212 

1.00162 

1.00108 

1.00319 

1.00229 

1.00294 

1.00218 

1.00160 

1.00254 

1.00181 

1.00212 

1.00162 

1.00176 

1.00318 

1.00287 

1.02453 

1.00313 

1.00268 

1.00368 

1.00168 

1.00103 

1.00110 

1.02960 

1.00307 

1.00399 

1.00374 

1.00314 

1.00431 

1.00248 

1.00222 

1.00282 

1.00674 

1.00158 

1.00163 

1.00191 

1.00194 

1.00089 

1.00082 

1.00337 

1.00337 

1.00413 

1.00274 

1.00345 

1.00413 

1.00461 

1.00457 

1.00409 

1.03242 

B-30 


CT 


o> 

•*- 

(/) 

u 

fd 

4-1 

00 

O) 

v.  U 
os  O 
D  u  v 
—  l-OI 

x<oo 

I  CM  ^ 

0>  ^ 

S  o5 

fl-nco 
h-  O  w 
U 

QJ  — 

<  H* 


O 

u 

cn 

u 

10 

CO 


—  00 


CM 

PO 

Q£ 

o 


UJ 


o 

2 

UJ 

> 

< 


rH 

OD 

CN 

CN 

8 

00 

P- 

CO 

05 

CO 

to 

05 

rH 

05 

CN 

CO 

8 

to 

pm 

8 

05 

* 

CN 

to 

8 

to 

rH 

to 

to 

8 

rH 

8 

8 

o 

r- 

CO 

05 

CO 

to 

Hf 

▼ 

05 

00 

CO 

CN 

05 

CO 

CN 

to 

CN 

00 

r- 

8 

co 

p- 

CN 

to 

CN 

to 

CO 

rH 

rH 

8 

00 

rH 

U3 

8 

CO 

<75 

rH 

rH 

CO 

rH 

05 

T 

CO 

CN 

00 

CO 

rH 

P* 

p* 

to 

QD 

to 

05 

p- 

to 

to 

to 

00 

PM 

<0 

8 

a 

CO 

CO 

CO 

Pm 

CN 

CN 

to 

05 

CO 

CN 

CN 

00 

co 

h- 

CO 

CO 

rH 

00 

CO 

00 

to 

co 

p* 

Pm 

CD 

to 

to 

CO 

cn 

00 

8 

to 

CN 

p* 

p- 

00 

p. 

CN 

05 

P* 

fm 

CO 

® 

CO 

p* 

pm 

CN 

00 

p* 

oo 

to 

r«- 

Pm 

CO 

00 

CO 

CO 

F*- 

CN 

H 

rH 

rH 

rH 

rH 

f-H 

rH 

rH 

rH 

CN 

rH 

rH 

rH 

rH 

CN 

rH 

rH 

rH 

CN 

CN 

rH 

r« 

rH 

rH 

rH 

H 

rH 

rH 

rH 

rH 

rH 

8 

▼ 

CN 

8 

00 

Pm 

rH 

CO 

to 

05 

to 

Pm. 

® 

to 

CO 

CN 

CN 

CN 

Pm 

05 

rH 

to 

rH 

8 

to 

CD 

05 

8 

to 

to 

00 

8 

rH 

8 

Pm 

rH 

fM 

00 

00 

to 

p« 

rH 

05 

00 

•* 

pm 

■«r 

rH 

rH 

rH 

fH 

05 

8 

CN 

00 

CO 

•* 

to 

Fm 

CN 

05 

00 

CO 

flO 

L0 

Pm 

<0 

CO 

rH 

Pm 

05 

10 

Pm 

CN 

® 

00 

to 

00 

CO 

rH 

CO 

CO 

CN 

** 

to 

to 

CO 

to 

Fm 

8 

0> 

to 

o 

fm 

CN 

CN 

00 

CO 

rH 

05 

® 

<75 

05 

to 

CO 

05 

CO 

CO 

® 

® 

rH 

nr 

P- 

00 

Pm 

to 

to 

05 

05 

05 

to 

rH 

00 

in 

00 

<0 

CO 

to 

CO 

CO 

Hf 

LO 

▼ 

8 

to 

CO 

▼ 

CO 

<0 

8 

to 

LO 

*-h 

rH 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

rH 

rH 

CN 

rH 

8 

8 

00 

<75 

CO 

▼ 

CD 

CN 

CN 

CN 

CN 

CN 

® 

to 

to 

to 

05 

CN 

rH 

P- 

CO 

to 

to 

rH 

pm 

to 

00 

8 

CO 

8 

8 

<0 

<75 

LO 

CN 

® 

<75 

00 

CN 

r- 

to 

CO 

oo 

CO 

00 

* 

® 

CO 

CN 

to 

rH 

rH 

CN 

CO 

to 

rH 

8 

00 

8 

8 

to 

<75 

8 

rH 

<7> 

to 

CN 

rH 

CO 

▼ 

CO 

® 

Pm 

CN 

rH 

to 

co 

00 

® 

rH 

rH 

CN 

to 

r- 

*H 

CO 

Pm 

CN 

to 

CN 

** 

CO 

8 

«-H 

00 

CN 

P* 

CN 

CN 

® 

00 

CO 

rH 

T 

00 

rH 

to 

CO 

05 

8 

CO 

to 

pm 

rH 

CN 

00 

P» 

8 

to 

** 

00 

CN 

8 

CO 

00 

CO 

00 

00 

h- 

05 

CN 

® 

00 

p. 

05 

F*- 

00 

p* 

® 

00 

CO 

05 

co 

Pm 

c- 

rH 

r- 

p«- 

00 

to 

h- 

co 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CN 

CN 

rH 

rH 

rH 

rH 

rH 

rH 

CN 

rH 

rH 

rH 

rH 

rH 

rH 

CN 

rH 

rH 

rH 

rH 

rH 

8 

8 

8 

a 

8 

® 

® 

® 

® 

® 

® 

® 

® 

® 

® 

® 

® 

® 

® 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

® 

& 

® 

8 

® 

® 

® 

® 

® 

® 

® 

® 

® 

® 

® 

® 

8 

® 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

CB 

8 

s 

® 

® 

® 

® 

® 

® 

® 

s 

® 

® 

® 

s 

® 

8 

8 

8 

8 

® 

8 

8 

B 

8 

8 

8 

8 

8 

Pm 

LO 

8 

CD 

8 

CN 

8 

8 

rH 

P- 

NT 

rH 

8 

8 

rH 

8 

8 

8 

8 

CN 

8 

rH 

8 

8 

«e 

8 

8 

8 

CN 

8 

8 

8 

<0 

to 

rH 

CN 

8 

8 

CN 

8 

8 

8 

P. 

8 

to 

rH 

8 

8 

P- 

CN 

8 

CN 

8 

8 

▼ 

rH 

© 

nr 

8 

P- 

CO 

8 

05 

8 

8 

f- 

P* 

rH 

h- 

8 

8 

8 

CN 

8 

8 

8 

8 

rH 

CN 

8 

CN 

8 

8 

© 

rH 

8 

8 

8 

CO 

rH 

to 

8 

CN 

8 

** 

8 

8 

8 

8 

■n- 

8 

CN 

8 

P^ 

8 

8 

8 

8 

CN 

8 

© 

8 

8 

8 

CN 

8 

CN 

CN 

to 

8 

CO 

8 

8 

8 

8 

r*. 

K 

8 

8 

8 

8 

8 

PM 

8 

CN 

P* 

8 

P- 

8 

PM 

© 

8 

© 

pM 

PM 

© 

8 

8 

PM 

rH 

rH 

CN 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CN 

rH 

H 

rH 

rH 

rH 

rH 

CN 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

to 

to 

CO 

P- 

rH 

8 

CN 

8 

CN 

8 

8 

8 

8 

PM. 

8 

rH 

rH 

CN 

CN 

8 

8 

8 

© 

8 

00 

8 

CN 

8 

© 

8 

8 

8 

rH 

CO 

8 

8 

rH 

8 

8 

P^ 

CN 

CN 

8 

8 

8 

8 

8 

8 

8 

8 

8 

CN 

rH 

8 

8 

8 

8 

8 

PM 

CN 

PM 

CN 

<75 

CN 

8 

8 

8 

8 

8 

8 

rH 

P- 

8 

'T 

8 

8 

8 

8 

8 

8 

P. 

8 

8 

CN 

PM 

8 

CN 

05 

05 

'T 

•N- 

<75 

<0 

8 

N- 

8 

P* 

8 

to 

8 

8 

8 

8 

8 

8 

P* 

T 

CN 

8 

8 

8 

8 

© 

rH 

CN 

8 

8 

CN 

8 

8 

OD 

N- 

CO 

8 

•N- 

8 

▼ 

T 

8 

HP 

PM 

N- 

P- 

■N- 

8 

8 

8 

8 

8 

8 

8 

8 

T 

8 

rH 

CN 

CN 

CO 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

rH 

CN 

CN 

CN 

CO 

r*. 

8 

05 

H 

CN 

8 

8 

8 

rH 

8 

CN 

rH 

8 

8 

8 

8 

rH 

8 

CN 

8 

8 

8 

CN 

© 

8 

8 

« 

8 

8 

8 

f*- 

8 

to 

8 

rH 

8 

8 

8 

rH 

to 

rH 

P. 

8 

T 

8 

8 

8 

8 

8 

8 

8 

8 

8 

▼ 

Pm 

© 

CN 

rH 

h» 

▼ 

8 

8 

8 

8 

8 

05 

to 

8 

8 

8 

CN 

8 

P*. 

PM 

8 

8 

8 

8 

8 

fM 

to 

rH 

8 

8 

8 

PM 

F-. 

05 

8 

05 

8 

8 

« 

CN 

Hf 

8 

8 

8 

'T 

8 

T 

8 

8 

CN 

PM 

8 

8 

F*M 

8 

CN 

8 

© 

rH 

8 

-*■ 

© 

8 

Hf 

05 

CO 

8 

P* 

h- 

8 

P» 

8 

8 

8 

8 

CN 

8 

8 

P- 

P« 

00 

P- 

8 

8 

8 

8 

8 

PM 

P- 

8 

P- 

8 

8 

8 

rH 

rH 

rH 

rH 

rH 

rH 

CN 

rH 

rH 

rH 

rH 

rH 

CN 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CN 

rH 

CN 

rH 

rH 

CN 

V 

to 

rH 

rH 

CN 

8 

8 

CN 

CN 

P» 

8 

8 

8 

8 

T 

8 

8 

8 

8 

PM 

8 

rH 

8 

8 

© 

8 

rH 

CN 

rH 

CN 

CO 

8 

8 

CN 

8 

P* 

8 

CN 

CN 

8 

CN 

rH 

8 

P» 

8 

8 

rH 

8 

8 

8 

Pm 

8 

-r 

© 

fM 

rH 

8 

rH 

8 

Fm 

rH 

to 

CO 

05 

8 

rH 

B 

8 

8 

8 

Pm 

8 

8 

8 

8 

8 

p* 

to 

8 

CN 

8 

8 

rH 

CN 

PM 

8 

8 

rH 

8 

8 

rH 

rH 

CO 

8 

8 

rH 

CO 

8 

8 

8 

8 

8 

HP 

rH 

CN 

8 

8 

CN 

r*» 

CN 

P- 

8 

rH 

CN 

8 

HT 

CN 

CN 

PM 

8 

CN 

N- 

00 

CO 

to 

P* 

* 

8 

8 

LO 

rH 

8 

V 

T 

8 

8 

8 

'N' 

8 

8 

8 

-T 

8 

8 

8 

8 

rH 

rH 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

N 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

b 

h* 

to 

8 

CO 

P^ 

8 

* 

8 

P* 

8 

8 

8 

8 

P- 

CN 

8 

8 

to 

8 

CN 

Pm 

8 

CN 

CN 

8 

8 

8 

PM 

8 

00 

CO 

F— 

CN 

8 

8 

8 

rH 

CN 

8 

8 

8 

8 

CN 

rH 

8 

rH 

to 

8 

8 

P- 

rH 

PM 

8 

8 

CN 

CN 

© 

8 

rH 

CN 

CO 

8 

® 

T 

8 

8 

8 

8 

8 

rH 

8 

8 

8 

8 

8 

8 

+ 

rH 

8 

CN 

8 

8 

8 

8 

fM 

8 

© 

05 

00 

05 

05 

8 

8 

8 

8 

8 

8 

8 

8 

8 

rH 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

© 

8 

<0 

<o 

CO 

<0 

to 

8 

8 

8 

8 

▼ 

8 

8 

8 

8 

to 

8 

8 

8 

to 

T 

8 

8 

8 

8 

8 

8 

8 

8 

CN 

8 

8 

to 

8 

** 

8 

rH 

B 

B 

8 

CN 

8 

8 

CN 

8 

to 

8 

8 

8 

PM 

8 

8 

PM 

8 

© 

© 

05 

CO 

8 

8 

to 

8 

8 

CN 

8 

B 

8 

8 

8 

8 

T 

rH 

8 

8 

8 

rH 

H 

CN 

CN 

8 

rH 

to 

8 

8 

© 

to 

05 

H 

CN 

8 

rH 

8 

05 

8 

8 

to 

8 

8 

8 

rH 

rH 

8 

CN 

8 

8 

8 

rH 

CN 

8 

8 

© 

8 

8 

8 

CN 

r- 

to 

8 

8 

8 

rH 

8 

P- 

8 

rH 

8 

PM 

8 

8 

CN 

PM 

8 

8 

8 

8 

8 

8 

8 

CN 

8 

8 

CN 

8 

to 

CO 

8 

8 

<e 

8 

8 

8 

CN 

8 

8 

PM 

8 

■N- 

8 

8 

8 

PM 

rH 

8 

PM 

8 

T 

8 

CN 

PM 

rH 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

rH 

CN 

CN 

CN 

CN 

8 

CN 

CN 

rH 

CN 

CN 

CN 

CN 

CN 

CO 

h- 

® 

to 

<0 

8 

8 

** 

rH 

8 

8 

rH 

8 

P* 

8 

CN 

8 

8 

* 

8 

8 

8 

8 

8 

PM 

rH 

8 

8 

» 

PM 

05 

to 

05 

8 

8 

8 

8 

8 

rH 

P» 

8 

8 

8 

8 

8 

PM 

8 

T 

8 

8 

rH 

8 

8 

© 

8 

8 

PM 

rH 

© 

CN 

8 

to 

OO 

CN 

CN 

P» 

8 

8 

05 

8 

8 

8 

8 

8 

8 

8 

rH 

8 

8 

8 

rH 

8 

8 

8 

8 

© 

8 

rH 

CN 

PM 

rH 

05 

r» 

05 

8 

8 

rH 

8 

P- 

8 

CN 

8 

8 

N* 

8 

PM 

8 

8 

CN 

8 

rH 

© 

8 

8 

CN 

CN 

8 

8 

P» 

8 

8 

rH 

8 

8 

P- 

8 

8 

8 

P* 

P* 

P* 

P* 

PM 

K 

PM 

PM 

P*« 

P* 

Pm 

PM 

8 

P» 

P* 

8 

8 

CN 

8 

8 

8 

rH 

rH 

rH 

rH 

rH 

H 

CN 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CN 

rH 

rH 

CN 

rH 

rH 

rH 

05 

00 

05 

8 

rH 

8 

CN 

8 

6 

HT 

8 

P- 

8 

P* 

8 

8 

H 

8 

8 

8 

8 

8 

PM 

8 

P- 

rH 

to 

CN 

rH 

8 

8 

8 

8 

CN 

T 

8 

8 

8 

CN 

8 

rH 

CN 

P- 

rH 

8 

P- 

CN 

8 

8 

CN 

to 

© 

8 

CN 

8 

PM 

8 

CO 

CN 

CO 

CN 

8 

rH 

8 

8 

8 

8 

8 

8 

8 

8 

CN 

8 

8 

H 

r< 

8 

8 

CN 

CN 

8 

PM 

rH 

8 

CO 

05 

N 

CN 

to 

8 

8 

rH 

▼ 

8 

B 

■N- 

Pm 

8 

8 

8 

8 

8 

HP 

8 

to 

8 

8 

rH 

8 

8 

8 

© 

8 

CN 

00 

CN 

N" 

8 

to 

CN 

P* 

8 

8 

8 

CN 

8 

CN 

8 

8 

PM 

8 

■N- 

8 

CN 

8 

8 

8 

to 

T 

CN 

8 

8 

CN 

CN 

PM 

rH 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

<N 

CN 

CN 

CN 

CN 

rH 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CO 

CN 

CO 

rH 

to 

8 

8 

8 

8 

K 

s 

8 

Pm 

8 

CN 

8 

CN 

rH 

8 

CN 

8 

P- 

8 

8 

to 

P» 

8 

8 

CN 

CO 

CN 

■cr 

8 

rH 

8 

HP 

CN 

rH 

8 

8 

CN 

8 

s 

8 

8 

8 

8 

8 

IN 

© 

CN 

8 

P- 

8 

8 

CN 

8 

to 

rH 

CN 

to 

8 

P- 

rH 

8 

8 

rH 

8 

8 

K 

8 

8 

8 

8 

8 

P^ 

8 

8 

rH 

CN 

8 

8 

8 

8 

8 

© 

8 

8 

05 

CN 

8 

CN 

8 

8 

P- 

B 

B 

P* 

8 

8 

rH 

8 

8 

rH 

8 

Pm 

8 

-e 

8 

CN 

8 

8 

CN 

8 

U) 

CO 

16 

8 

8 

8 

8 

8 

P- 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

CN 

8 

© 

8 

8 

NT 

CN 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CN 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CN 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

8 

00 

CO 

8 

CN 

* 

8 

P» 

rH 

HP 

8 

8 

P*. 

8 

8 

8 

8 

Pm 

8 

8 

8 

CN 

8 

8 

8 

PM 

OD 

co 

PM 

8 

8 

8 

to 

CN 

Pv 

8 

rH 

CN 

8 

rH 

8 

8 

8 

* 

rH 

rH 

8 

8 

8 

8 

8 

8 

8 

P- 

P* 

PM 

to 

PM 

05 

r*» 

OO 

8 

05 

8 

to 

8 

8 

rH 

8 

8 

8 

8 

8 

PM 

8 

8 

8 

CN 

CN 

rH 

CN 

8 

8 

PM 

8 

8 

© 

rH 

rH 

05 

05 

8 

8 

to 

8 

8 

8 

rH 

8 

N- 

8 

rH 

CN 

8 

8 

8 

rH 

rH 

CN 

8 

8 

© 

8 

8 

8 

8 

CN 

00 

rH 

CN 

8 

to 

rH 

rH 

CN 

rH 

8 

CN 

CN 

▼ 

CN 

8 

8 

rH 

8 

rH 

rH 

8 

8 

© 

8 

8 

© 

GO 

8 

CN 

rH 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

M 

CN 

CN 

CN 

CN 

CN 

CN 

rH 

CN 

CN 

rH 

rH 

CN 

rH 

rH 

rH 

CO 

to 

CN 

HP 

to 

CN 

s 

Ph 

8 

HP 

CN 

8 

8 

8 

8 

8 

8 

rH 

00 

8 

8 

8 

HT 

05 

CN 

© 

8 

05 

to 

8 

CO 

P- 

8 

P* 

8 

8 

8 

8 

8 

8 

8 

rH 

8 

rH 

CD 

8 

8 

8 

8 

CN 

8 

CN 

PM 

rH 

8 

rH 

rH 

8 

■<e 

00 

h* 

8 

rH 

CN 

8 

8 

8 

HP 

CN 

8 

8 

8 

8 

8 

s 

CN 

P- 

$ 

8 

CN 

8 

8 

PM 

8 

8 

8 

to 

© 

HT 

CO 

8 

8 

CN 

rH 

8 

CN 

8 

rH 

CN 

B 

rH 

8 

P* 

8 

8 

8 

8 

8 

P- 

8 

8 

8 

8 

8 

CN 

8 

8 

8 

05 

to 

HP 

8 

8 

8 

8 

8 

8 

8 

8 

K 

CN 

8 

rH 

CN 

8 

rH 

8 

8 

8 

8 

8 

CN 

8 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CN 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

fH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

8 

rH 

CO 

CN 

w 

NP 

8 

CN 

2 

B 

8 

8 

8 

B 

* 

8 

rH 

8 

8 

8 

8 

rH 

8 

00 

CN 

© 

CN 

© 

CN 

8 

to 

8 

05 

CN 

8 

8 

8 

"T 

8 

8 

rH 

rH 

8 

8 

CN 

8 

rH 

8 

s 

8 

8 

8 

rH 

8 

© 

8 

rH 

rH 

8 

8 

8 

8 

rH 

P* 

8 

S 

8 

8 

rH 

Pm 

8 

s 

8 

PM 

to 

rH 

8 

8 

CN 

8 

8 

CN 

rH 

nr 

8 

8 

8 

© 

CN 

8 

CO 

8 

rH 

rH 

8 

8 

8 

8 

8 

8 

P- 

rH 

PM 

P» 

8 

PM 

8 

8 

PM 

8 

8 

© 

© 

© 

8 

PM 

8 

8 

f*. 

8 

8 

8 

8 

8 

8 

8 

CN 

8 

8 

CN 

CN 

rH 

8 

CN 

8 

Pm 

8 

© 

rH 

rH 

rH 

CN 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CN 

rH 

CN 

rH 

rH 

B-31 


Tha  minimum  and  maximum  art  0 . 00000000E+00  3162.1976 


w 
>1  u 
fO  o 

a  t-K- 
i-  w  <u 
X  <  OQ 

I  CJ 

00  C_>  — 

„  X  ft 

SS5 

to  •r->CO 
h-  O  n-' 
U 

o>  *— 
« It 


© 

© 

© 

© 

© 

© 

© 

© 

to 

P 

© 

rH 

P. 

© 

CM 

rH 

© 

CO 

fH 

© 

© 

to 

© 

to 

CO 

rH 

© 

© 

© 

© 

© 

© 

rH 

CO 

CM 

CO 

CM 

© 

CM 

© 

CO 

* 

© 

© 

© 

© 

■M- 

CM 

© 

* 

to 

© 

P 

© 

04 

© 

© 

© 

© 

rH 

© 

CM 

CM 

P 

H 

fH 

to 

CO 

© 

CM 

P 

CM 

to 

MT 

fH 

© 

P 

04 

*H 

© 

or> 

© 

© 

P 

© 

© 

© 

© 

© 

© 

© 

© 

© 

P 

© 

© 

© 

© 

p 

© 

© 

© 

mt 

p 

© 

P 

CM 

fH 

fH 

fH 

rH 

CD 

© 

© 

P 

© 

© 

© 

© 

CM 

© 

© 

© 

CO 

CO 

© 

P 

© 

to 

CM 

to 

to 

to 

P 

© 

p 

© 

CM 

CM 

© 

cm 

© 

CO 

CM 

rH 

© 

© 

P 

© 

CO 

© 

P 

•M- 

© 

© 

© 

CM 

"T 

© 

© 

p 

* 

to 

CO 

© 

to 

© 

© 

P 

© 

© 

00 

CO 

04 

to 

© 

P 

rH 

P 

P 

© 

P 

© 

CM 

© 

CM 

© 

rH 

to 

© 

CM 

CO 

© 

© 

-T 

rH 

to 

p 

CM 

fH 

© 

CM 

© 

cm 

O 

© 

CO 

© 

© 

© 

© 

CM 

rH 

<o 

© 

© 

CO 

CM 

© 

rH 

<D 

CM 

© 

CO 

p 

© 

P 

to 

CD 

p 

© 

CM 

CM 

© 

H 

CM 

CM 

CM 

CM 

CM 

CM 

© 

<0 

rH 

rH 

fH 

rH 

CO 

rH 

to 

CM 

rH 

CM 

© 

to 

CM 

rH 

to 

to 

CM 

T- 

CM 

to 

co 

© 

© 

© 

© 

© 

© 

© 

CM 

to 

CM 

P 

rH 

P 

© 

© 

© 

CO 

© 

© 

fH 

© 

rH 

CM 

© 

© 

CM 

to 

© 

© 

© 

O) 

CM 

© 

© 

rH 

© 

© 

© 

P 

p 

© 

© 

CM 

CO 

-M- 

CM 

© 

rH 

© 

© 

© 

© 

© 

<0 

to 

© 

© 

© 

Hf 

© 

04 

04 

CD 

CO 

© 

© 

© 

© 

© 

CD 

© 

© 

rH 

CO 

P 

P 

© 

to 

«r 

P 

© 

CM 

to 

CM 

P 

© 

CM 

CO 

© 

© 

© 

© 

© 

to 

© 

CM 

© 

© 

© 

P 

fH 

CD 

CD 

© 

© 

P 

P 

© 

CM 

m 

H 

P 

© 

to 

© 

to 

P 

© 

© 

fH 

CM 

CM 

rH 

rH 

fH 

rH 

fH 

rH 

rH 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

9 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

p 

© 

04 

© 

CM 

CM 

CM 

© 

© 

P 

fH 

© 

CM 

CO 

CD 

© 

* 

rH 

* 

© 

© 

CO 

CO 

© 

to 

CO 

© 

© 

© 

rH 

© 

to 

CO 

fH 

© 

rH 

© 

CO 

© 

© 

© 

© 

** 

■M- 

CD 

CD 

© 

© 

CO 

© 

© 

fH 

© 

CO 

© 

CM 

p 

to 

to 

© 

© 

© 

© 

© 

cm 

© 

CM 

CO 

© 

CM 

CM 

© 

© 

© 

© 

© 

to 

H 

CD 

CO 

fH 

© 

© 

rH 

CO 

P 

© 

CM 

© 

CM 

© 

© 

P 

© 

© 

© 

P 

© 

CO 

© 

© 

© 

P 

© 

© 

© 

fH 

**■ 

CD 

© 

© 

P 

© 

M- 

© 

p 

to 

© 

Mf 

© 

to 

© 

■M- 

© 

■M- 

fH 

fH 

fH 

rH 

fH 

rH 

© 

fH 

© 

rH 

to 

© 

rH 

to 

CO 

CM 

fH 

CD 

to 

© 

P 

to 

CM 

CM 

CM 

© 

CM 

© 

© 

© 

CM 

CM 

to 

fH 

© 

to 

CM 

CO 

p 

© 

© 

CM 

CO 

CM 

CM 

© 

© 

© 

© 

CM 

CD 

P 

rH 

rH 

© 

to 

CM 

© 

© 

© 

CM 

P 

© 

P 

fH 

© 

© 

H 

to 

© 

fH 

© 

© 

p 

© 

© 

© 

© 

© 

© 

© 

CM 

P 

© 

© 

© 

© 

© 

© 

© 

© 

rH 

© 

© 

to 

1- 

CO 

© 

© 

CM 

to 

© 

CM 

'M- 

© 

P 

© 

■M- 

© 

CD 

© 

© 

© 

CM 

•<e 

to 

© 

© 

p 

rH 

© 

© 

P 

© 

H 

CM 

© 

CM 

CM 

CO 

CO 

fH 

CO 

rH 

CM 

CM 

rH 

rH 

to 

to 

CM 

rH 

rH 

rH 

rH 

rH 

CM 

CM 

rH 

fH 

o> 

© 

© 

CO 

© 

CO 

p 

© 

© 

P 

fH 

CM 

© 

to 

fH 

© 

«e 

P 

© 

© 

© 

© 

rH 

P 

CM 

CM 

© 

© 

•M* 

© 

CO 

to 

CM 

© 

© 

© 

p 

© 

© 

© 

© 

CO 

CO 

CD 

© 

© 

p 

CM 

P 

© 

P 

© 

rH 

© 

© 

© 

© 

© 

© 

CM 

CM 

© 

CD 

© 

© 

to 

rH 

P 

P 

rH 

© 

© 

© 

9 

© 

CM 

P 

P 

CM 

© 

to 

rH 

© 

04 

© 

© 

CM 

P 

P 

rH 

rH 

T 

© 

© 

CD 

© 

© 

CD 

** 

p- 

© 

© 

CD 

© 

© 

9 

© 

© 

T 

© 

to 

P 

to 

to 

CO 

© 

© 

fH 

fH 

fH 

rH 

fH 

rH 

to 

rH 

© 

© 

© 

rH 

CD 

© 

01 

P 

P 

9 

rH 

© 

© 

P 

+ 

© 

© 

© 

rH 

P 

to 

P 

to 

P 

to 

"M- 

CD 

P 

© 

9 

p 

fH 

CO 

© 

to 

p 

© 

rH 

© 

fH 

•M- 

** 

rH 

p 

P 

to 

to 

p 

CM 

© 

fH 

9 

rH 

P 

to 

rH 

to 

© 

CM 

© 

04 

P 

CD 

P 

CM 

© 

CO 

© 

© 

© 

© 

rH 

© 

© 

OD 

P 

« 

© 

9 

© 

P 

to 

9 

CM 

9 

P 

© 

© 

rH 

© 

© 

CM 

© 

© 

"T 

© 

rH 

© 

fH 

© 

CM 

© 

© 

CM 

+ 

CM 

© 

© 

© 

P 

P 

© 

CM 

9 

to 

© 

© 

P 

© 

rH 

fH 

*H 

CM 

CO 

CM 

CM 

rH 

CM 

rH 

CM 

rH 

CM 

fH 

CM 

CM 

rH 

fH 

fH 

fH 

rH 

fH 

CM 

''f 

CO 

© 

© 

© 

CO 

© 

9 

© 

CM 

9 

© 

© 

© 

© 

CO 

© 

CM 

to 

CM 

© 

© 

fH 

9 

to 

rH 

© 

© 

© 

rH 

CM 

H 

CM 

CM 

CM 

rH 

rH 

rH 

fH 

rH 

CM 

rH 

© 

rH 

© 

CM 

rH 

CM 

fH 

CM 

© 

CM 

rH 

fH 

CM 

fH 

rH 

CM 

rH 

CM 

fH 

fH 

© 

© 

© 

© 

© 

© 

© 

9 

© 

© 

9 

© 

© 

9 

9 

9 

© 

9 

© 

9 

© 

© 

9 

© 

9 

© 

© 

© 

© 

9 

9 

© 

fH 

© 

rH 

CD 

rH 

© 

to 

CM 

© 

© 

CO 

CM 

rH 

CD 

rH 

© 

© 

© 

© 

to 

OD 

to 

CM 

© 

* 

© 

© 

CM 

P 

CD 

p 

© 

© 

P 

© 

rH 

© 

to 

P 

P 

rH 

© 

P 

CD 

** 

© 

© 

© 

to 

© 

to 

to 

9 

rH 

© 

© 

© 

to 

rH 

CM 

to 

to 

CO 

© 

CO 

04 

© 

P 

© 

to 

CM 

© 

© 

OD 

P 

* 

CM 

CM 

© 

to 

© 

© 

© 

rH 

to 

© 

P 

to 

to 

© 

© 

© 

© 

to 

© 

CO 

© 

CM 

CM 

© 

rH 

P 

rH 

CM 

© 

rH 

■** 

rH 

© 

CM 

CD 

CM 

P 

© 

© 

© 

© 

© 

© 

CM 

© 

to 

CO 

p 

© 

CM 

CM 

rH 

CM 

CM 

to 

CM 

© 

to 

CM 

CM 

to 

to 

rH 

© 

CM 

fH 

fH 

H 

rH 

rH 

CM 

rH 

CO 

CM 

© 

CM 

CM 

P 

CD 

rH 

+ 

CM 

CM 

© 

P- 

P 

© 

fH 

© 

CO 

© 

to 

P 

CM 

© 

9 

P 

© 

9 

© 

9 

H 

H 

© 

CO 

© 

rH 

© 

rH 

fH 

CM 

© 

© 

P 

rH 

CM 

rH 

© 

* 

rH 

© 

to 

CM 

CM 

CM 

rH 

to 

CD 

CM 

© 

© 

fH 

p 

CD 

rH 

rH 

© 

© 

CM 

© 

© 

to 

© 

to 

to 

rH 

© 

CO 

© 

to 

© 

CM 

to 

© 

Mf 

© 

fH 

CD 

CM 

to 

© 

© 

© 

04 

© 

P 

P 

rH 

rH 

CM 

© 

© 

© 

© 

CD 

© 

© 

rH 

P 

© 

© 

p 

H 

© 

© 

P 

© 

© 

© 

P 

CO 

P 

p 

© 

H 

H 

rH 

r-' 

rH 

rH 

fH 

rH 

rH 

*H 

fH 

rH 

rH 

rH 

CO 

P 

© 

© 

P 

© 

P 

CM 

© 

© 

9 

CM 

rH 

CM 

CM 

© 

fH 

9 

to 

© 

P 

CM 

© 

to 

P 

9 

rH 

H 

04 

CD 

© 

CO 

© 

CM 

© 

© 

© 

© 

9 

© 

9 

rH 

rH 

© 

CM 

to 

© 

rH 

fH 

CO 

© 

© 

© 

CD 

© 

CD 

© 

CO 

CD 

© 

p 

P 

rH 

CO 

fH 

CM 

H 

© 

CD 

© 

rH 

P 

p 

© 

CD 

OD 

© 

to 

mt 

P 

to 

CM 

ID 

to 

© 

© 

© 

CM 

© 

P 

© 

© 

© 

CM 

•M- 

CD 

ft* 

to 

P 

© 

9 

© 

rH 

© 

© 

P 

© 

HT 

rH 

P 

p 

© 

© 

9 

CD 

■*e 

© 

© 

fH 

fH 

CO 

CM 

CM 

rH 

rH 

H 

rH 

to 

CO 

fH 

rH 

rH 

CM 

rH 

CM 

fH 

mt 

rH 

CM 

rH 

rH 

CM 

rH 

rH 

CO 

* 

to 

P 

rH 

© 

© 

CM 

© 

CO 

© 

© 

© 

OD 

CD 

© 

© 

© 

© 

p 

© 

P 

© 

© 

CD 

© 

© 

rH 

fH 

© 

CO 

© 

CM 

© 

p 

© 

fH 

to 

© 

CO 

▼ 

CD 

CD 

© 

CM 

© 

p 

© 

p 

9 

9 

CM 

CM 

9 

CO 

* 

CM 

rH 

P 

© 

OD 

© 

© 

P 

© 

CM 

© 

© 

© 

+ 

CO 

© 

CM 

© 

+ 

fH 

CM 

CM 

rH 

© 

* 

© 

© 

to 

fH 

W 

© 

to 

© 

rH 

Hf 

© 

p 

CM 

CO 

04 

CD 

9 

© 

CM 

© 

CD 

© 

P* 

© 

CD 

© 

© 

CM 

P 

rH 

p 

© 

© 

© 

CM 

9 

P 

© 

P 

© 

to 

CM 

rH 

rH 

rH 

fH 

fH 

fH 

fH 

fH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

CM 

to 

u> 

0> 

© 

© 

© 

rH 

© 

CM 

© 

CM 

© 

rH 

*<r 

P 

fH 

CM 

* 

© 

© 

OD 

s 

CO 

© 

fH 

CM 

fO 

P 

CM 

P 

p 

CM 

P 

© 

© 

© 

© 

fH 

© 

rH 

© 

© 

© 

CM 

CO 

OD 

P 

CD 

9 

9 

© 

9 

CD 

© 

to 

rH 

p 

© 

* 

p 

© 

CD 

» 

© 

© 

© 

© 

CM 

CO 

© 

p 

© 

CM 

to 

© 

fH 

© 

P 

CO 

CD 

* 

© 

to 

CM 

© 

CO 

© 

© 

© 

© 

CM 

© 

© 

© 

© 

P 

© 

CM 

CM 

© 

rH 

rH 

fH 

© 

to 

© 

rH 

rH 

P 

© 

© 

P 

rH 

© 

CM 

CM 

© 

•M- 

© 

© 

CO 

P 

© 

© 

© 

9 

© 

CD 

© 

© 

to 

© 

P 

p 

© 

<C 

CM 

* 

© 

P 

P 

rH 

© 

© 

rH 

CO 

fH 

rH 

rH 

rH 

fH 

fH 

rH 

rH 

rH 

CM 

rH 

rH 

CM 

© 

p 

© 

© 

CO 

© 

p 

© 

to 

© 

CM 

9 

© 

© 

© 

CO 

CM 

© 

to 

to 

CD 

© 

* 

© 

CD 

© 

9 

M 

9 

T 

© 

▼ 

CM 

© 

© 

fH 

CM 

to 

© 

P 

CD 

© 

rH 

CD 

© 

© 

to 

© 

© 

<e 

to 

CM 

to 

© 

to 

© 

9 

* 

P 

04 

* 

© 

CO 

© 

© 

CO 

MP 

to 

rH 

© 

© 

to 

rM 

to 

© 

* 

ID 

© 

© 

CM 

to 

CM 

© 

to 

to 

$ 

© 

P 

rH 

P 

04 

0) 

0> 

© 

© 

© 

CM 

p 

© 

© 

P 

CD 

P* 

rH 

CM 

© 

CM 

▼ 

© 

© 

© 

© 

© 

© 

▼ 

9 

P 

P 

CO 

© 

CM 

P 

CO 

© 

© 

© 

* 

© 

© 

© 

© 

© 

© 

© 

rH 

© 

to 

to 

rH 

CM 

© 

rH 

CM 

T- 

© 

© 

© 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

fH 

rH 

fH 

fH 

fH 

rH 

fH 

rH 

fH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

04 

© 

T 

CO 

© 

P 

rH 

© 

to 

to 

P 

© 

rH 

CM 

s 

CM 

CM 

CO 

rH 

CM 

CM 

© 

© 

to 

P 

to 

© 

© 

© 

© 

CM 

P 

© 

04 

CO 

to 

© 

© 

to 

CD 

to 

© 

© 

P 

P 

© 

rH 

© 

© 

CD 

© 

9 

to 

CD 

to 

© 

CD 

to 

CO 

P 

-*• 

© 

rH 

P 

to 

P 

CM 

Hf 

CM 

CM 

CO 

fH 

P 

m 

9 

© 

p 

CM 

© 

© 

© 

p 

to 

to 

CD 

9 

® 

P 

fH 

fH 

fH 

© 

CM 

© 

•<e 

P 

CO 

© 

CO 

© 

© 

CD 

rH 

© 

9 

rH 

CM 

"M- 

© 

© 

© 

© 

to 

rH 

© 

© 

CM 

© 

© 

© 

© 

© 

© 

© 

CO 

CM 

CM 

P 

© 

CO 

CM 

© 

P 

© 

© 

p 

CO 

P 

© 

to 

9 

to 

rH 

5© 

CM 

P 

© 

© 

CM 

CM 

fH 

CM 

to 

fH 

rH 

CO 

to 

fH 

CO 

© 

© 

© 

© 

© 

© 

CM 

rH 

© 

rH 

fH 

© 

to 

rH 

CM 

to 

CM 

Table  B-AMlc 
Aerojet  MC2  Array 

Background  Run  #1  (BGM  #1)  Before  Star  Sighting 


00 

UJ 


oo 


co 

pd 

f* 

CO 

G 

CO 

G 

CD 

G 

CO 

CO 

X 

G 

G 

rH 

CD 

CM 

X1 

X 

Oi 

G 

CO 

G 

X 

X 

CM 

G 

fH 

G 

© 

G 

fH 

rH 

x 

rH 

CO 

to 

CO 

G 

rH 

G 

to 

G 

rH 

G 

G 

G 

’T 

rH 

rH 

P- 

rH 

G 

CO 

G 

G 

G 

G 

G 

© 

G 

G 

G 

G 

(2 

SJ 

SJ 

G 

G 

B 

G 

G 

G 

G 

G 

G 

G 

G 

B 

G 

G 

G 

G 

G 

fH 

G 

G 

G 

G 

s 

G 

G 

G 

G 

G 

S 

G 

SJ 

9 

G 

G 

B 

G 

G 

G 

G 

G 

B 

G 

G 

B 

G 

B 

B 

G 

G 

G 

G 

G 

B 

G 

B 

s 

G 

G 

G 

G 

00 

PO 

CM 

SJ 

GO 

CM 

to 

to 

rH 

G 

to 

G 

CO 

CO 

to 

CM 

CM 

P*. 

G 

p- 

G 

CO 

G 

fH 

X 

fH 

CM 

ID 

CM 

ID 

rH 

G 

g 

CO 

CO 

rH 

r- 

G 

G 

rH 

rH 

G 

CM 

G 

G 

G 

G 

G 

G 

G 

G 

rH 

rd 

CM 

G 

G 

CM 

G 

CM 

CO 

CO 

© 

G 

fH 

g 

g 

SJ 

SJ 

rH 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

B 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

B 

G 

CO 

fH 

G 

G 

G 

G 

si 

si 

si 

G 

G 

G 

s 

G 

G 

G 

G 

G 

G 

B 

G 

G 

B 

G 

G 

G 

G 

G 

B 

G 

G 

G 

rH 

G 

G 

G 

pd 

g 

pd 

CD 

00 

G 

to 

rH 

CD 

CO 

p- 

G 

CO 

G 

rH 

rH 

CD 

CO 

O 

G 

G 

X 

rH 

fH 

Pd 

rH 

o> 

pd 

© 

© 

pd 

© 

<2 

<2 

CD 

rH 

rH 

G 

Oi 

G 

G 

G 

G 

G 

G 

G 

G 

rH 

CO 

G 

to 

G 

rH 

G 

CM 

Pd 

CM 

G 

G 

CM 

Pd 

fH 

rH 

G 

G 

G 

CM 

SJ 

CM 

G 

rH 

G 

G 

G 

G 

G 

G 

B 

G 

B 

G 

G 

G 

G 

G 

G 

G 

rH 

G 

G 

G 

G 

rH 

G 

rH 

G 

G 

G 

SJ 

G 

G 

G 

B 

G 

G 

G 

G 

G 

G 

B 

G 

B 

G 

B 

G 

G 

G 

G 

G 

G 

G 

G 

B 

G 

G 

G 

B 

G 

® 

G 

SJ 

<2 

G 

G 

B 

G 

G 

G 

G 

G 

G 

G 

G 

B 

G 

G 

G 

G 

G 

G 

G 

G 

B 

G 

G 

G 

G 

G 

G 

G 

G 

G 

SJ 

SJ 

G 

G 

B 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

SJ 

SJ 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

B 

G 

B 

G 

G 

G 

B 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

si 

G 

si 

G 

B 

SJ 

G 

G 

B 

G 

G 

S 

G 

B 

G 

G 

G 

G 

G 

G 

G 

G 

B 

G 

G 

G 

G 

G 

G 

G 

H 

U> 

CO 

CM 

CM 

CD 

GO 

rH 

0> 

G 

CO 

X 

rH 

CO 

G 

G 

rH 

to 

00 

CD 

G 

rd 

X 

r* 

H 

Oi 

rH 

pd 

G 

G 

CM 

pd 

(2 

SJ 

eo 

CO 

CM 

G 

G 

G 

CO 

CM 

B 

X 

G 

G 

CM 

rH 

G 

G 

CO 

rH 

rH 

G 

Pd 

CM 

G 

G 

X 

rH 

CO 

G 

G 

CM 

G 

G 

x 

SJ 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

B 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

si 

SJ 

si 

SJ 

B 

G 

B 

G 

G 

G 

G 

G 

G 

B 

G 

B 

G 

s 

s 

G 

G 

G 

B 

G 

G 

G 

G 

G 

G 

G 

C 

G 

CD 

CO 

Oi 

rH 

rH 

Oi 

X 

CM 

X 

CD 

X 

Oi 

CM 

CD 

CM 

G 

G 

CO 

X 

CM 

G 

G 

to 

rH 

© 

CD 

rH 

ID 

© 

CM 

rH 

H 

SJ 

rH 

G 

G 

G 

G 

CO 

rH 

G 

LO 

to 

rH 

G 

CM 

G 

rH 

00 

rH 

G 

G 

co 

G 

G 

pd 

G 

G 

CM 

G 

Oi 

CM 

g 

SJ 

G 

G 

G 

G 

G 

rH 

G 

G 

G 

G 

G 

s 

s 

G 

G 

G 

G 

G 

G 

G 

rH 

G 

G 

® 

G 

G 

G 

G 

G 

G 

si 

si 

B 

si 

B 

B 

B 

G 

G 

G 

G 

G 

B 

B 

s 

G 

B 

G 

G 

G 

G 

G 

B 

G 

G 

ID 

to 

G 

G 

G 

G 

G 

G 

fO 

00 

CD 

to 

CM 

CO 

CM 

Oi 

X 

p- 

to 

G 

CM 

B 

CM 

CM 

P* 

G 

CO 

pd 

to 

X 

to 

rH 

CO 

ID 

CM 

G 

CM 

pd 

CO 

G 

G 

fH 

rH 

LO 

CM 

rH 

G 

G 

rH 

G 

G 

rH 

G 

rH 

G 

G 

to 

G 

G 

G 

G 

G 

G 

o> 

G 

G 

G 

G 

Oi 

G 

G 

<2 

S) 

SJ 

SJ 

G 

G 

s 

SJ 

s 

G 

G 

s 

s 

G 

G 

B 

G 

s 

G 

s 

G 

G 

G 

G 

to 

G 

G 

G 

G 

rH 

G 

G 

si 

si 

si 

B 

G 

si 

B 

s 

s 

s 

B 

B 

G 

B 

B 

B 

B 

B 

B 

B 

B 

G 

B 

G 

rH 

B 

s 

G 

G 

G 

s 

B 

g 

p- 

SJ 

SJ 

CM 

rH 

Oi 

CO 

00 

CO 

CM 

CO 

rH 

CO 

G 

CM 

— < 

® 

CO 

fH 

G 

X 

Oi 

® 

CM 

G 

CO 

G 

rH 

CO 

G 

CM 

CO 

SJ 

SJ 

G 

s 

B 

s 

CM 

to 

CM 

CM 

G 

rH 

CM 

G 

G 

B 

G 

to 

G 

G 

G 

fH 

G 

CM 

G 

G 

G 

CM 

X 

CM 

g 

SJ 

SJ 

G 

B 

G 

S 

» 

s 

B 

s 

G 

B 

B 

s 

B 

B 

S 

B 

B 

B 

G 

CO 

rH 

G 

rH 

G 

B 

G 

fH 

B 

B 

G 

B 

B 

B 

B 

B 

B 

B 

B 

s 

B 

B 

B 

B 

s 

B 

B 

B 

B 

B 

B 

s 

CM 

G 

B 

G 

B 

B 

G 

B 

G 

si 

© 

00 

to 

SJ 

to 

X 

CO 

CM 

rH 

p. 

CD 

S 

X 

Oi 

p* 

Pd- 

to 

B 

CO 

rH 

® 

n 

CM 

CM 

Pd 

to 

G 

CO 

Pd 

rH 

X 

fH 

co 

N 

pd 

rH 

to 

rH 

CO 

to 

X 

G 

rH 

rH 

rH 

to 

Oi 

CO 

'M- 

CM 

X 

CO 

CM 

© 

G 

fH 

P- 

© 

© 

G 

fH 

© 

rH 

G 

r-l 

Pd 

SJ 

CM 

pd 

rH 

to 

Pd 

0> 

SJ 

CO 

B 

LO 

ID 

® 

rH 

rH 

rH 

X 

CM 

X 

ID 

Pd- 

to 

fH 

Pd 

rH 

G 

to 

© 

G 

M 

si 

si 

rH 

rH 

CM 

rH 

B 

CM 

si 

X 

B 

rH 

rH 

G 

CM 

B 

CM 

G 

ID 

s 

fH 

B 

G 

G 

rH 

G 

fH 

G 

rH 

fH 

H 

« 

rH 

© 

pd 

fO 

to 

rH 

X 

G 

P* 

rH 

G 

G 

CM 

® 

fd. 

CM 

CM 

Pd 

G 

CM 

G 

Oi 

Pd 

Oi 

G 

CO 

G 

© 

CM 

CM 

CM 

SJ 

SJ 

rH 

G 

B 

G 

CM 

rH 

B 

CM 

CO 

B 

G 

G 

CM 

CO 

fH 

G 

fH 

fH 

G 

Pd 

Pd 

Oi 

rH 

rH 

fH 

© 

G 

G 

G 

SJ 

SJ 

SJ 

to 

G 

G 

SJ 

G 

G 

G 

rH 

G 

B 

B 

G 

s 

G 

G 

G 

CM 

G 

G 

CM 

G 

rH 

G 

G 

G 

G 

G 

G 

B 

si 

B 

B 

B 

B 

si 

si 

B 

B 

si 

B 

B 

B 

G 

G 

B 

B 

G 

B 

G 

G 

B 

G 

G 

G 

G 

G 

B 

G 

G 

B 

M 

H 

G 

to 

o> 

G 

to 

rH 

X 

rH 

G 

® 

X 

to 

rH 

rH 

CD 

to 

pd 

CM 

X 

G 

Pd 

G 

CM 

CO 

CM 

© 

rH 

© 

G 

S 

rH 

SJ 

CO 

G 

pd 

rH 

B 

B 

G 

rH 

G 

CM 

G 

G 

G 

Pd 

G 

Oi 

G 

G 

G 

G 

CO 

X 

G 

Pd 

G 

G 

X 

G 

S) 

& 

G 

SJ 

G 

CO 

SJ 

G 

G 

G 

B 

G 

s 

G 

G 

G 

G 

G 

G 

G 

B 

G 

G 

Oi 

G 

G 

© 

G 

G 

B 

si 

si 

B 

si 

B 

si 

CM 

s 

si 

s 

G 

B 

B 

s 

B 

G 

G 

B 

G 

G 

G 

G 

si 

G 

B 

fH 

si 

G 

to 

B 

si 

si 

h- 

g 

rH 

B 

B 

Oi 

fO 

G 

CO 

X 

P*» 

rH 

CM 

rH 

G 

to 

CM 

CM 

to 

X 

G 

CM 

CM 

® 

X 

CM 

0> 

ID 

© 

© 

© 

fH 

rH 

T 

SJ 

CM 

G 

5 

rH 

00 

rH 

CM 

CO 

G 

G 

G 

G 

CM 

G 

CM 

CO 

G 

fH 

G 

G 

G 

to 

© 

X 

G 

G 

G 

G 

& 

SJ 

SJ 

SJ 

G 

SJ 

G 

G 

G 

G 

B 

B 

G 

B 

s 

B 

B 

G 

s 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

B 

si 

si 

B 

B 

B 

s' 

G 

B 

B 

G 

s' 

B 

S 

G 

B 

B 

G 

6 

s 

G 

B 

G 

B 

G 

G 

G 

s 

G 

G 

B 

s 

B 

00 

k 

pd 

rH 

P* 

CM 

CO 

rH 

G 

to 

rH 

Oi 

® 

rH 

® 

_ 

s 

G 

to 

pd 

CO 

pd 

X 

CM 

CM 

® 

ID 

CO 

Pd 

to 

G 

to 

G 

to 

rH 

SJ 

G 

G 

G 

B 

H 

G 

G 

CM 

G 

G 

CO 

KJ 

G 

G 

G 

CO 

CM 

H 

CO 

G 

0> 

<0 

G 

© 

© 

CM 

© 

g 

G 

SJ 

SJ 

G 

G 

G 

SJ 

G 

G 

B 

s 

s 

G 

G 

G 

G 

G 

B 

B 

G 

G 

s 

B 

G 

G 

G 

G 

G 

rH 

fH 

fH 

si 

si 

B 

B 

B 

B 

G 

B 

B 

si 

si 

B 

B 

B 

B 

B 

B 

G 

G 

G 

B 

s 

si 

si 

B 

G 

St 

si 

si 

G 

B 

B 

CO 

rH 

p* 

X 

to 

to 

s 

CO 

© 

B 

x 

rH 

® 

CM 

fd- 

® 

CO 

O) 

9 

to 

X 

o> 

ID 

ID 

X 

X 

© 

Oi 

to 

Oi 

Pd 

© 

to 

X 

CM 

X 

CM 

B 

B 

G 

X 

rH 

CD 

X 

P- 

rH 

® 

CO 

G 

P» 

B 

G 

CO 

CO 

ID 

H 

to 

© 

CO 

CM 

G 

rH 

G 

G 

G 

SJ 

G 

g 

G 

G 

G 

rH 

G 

G 

G 

CM 

rH 

rH 

G 

G 

rH 

G 

rH 

*H 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

B 

si 

SJ 

B 

B 

si 

B 

si 

si 

si 

si 

SJ 

B 

G 

B 

B 

G 

6 

6 

G 

B 

B 

G 

si 

G 

si 

s 

si 

B 

si 

G 

si 

B 

p- 

CM 

u> 

X 

to 

® 

rH 

x 

rH 

to 

to 

rH 

CO 

® 

CM 

« 

to 

® 

to 

ID 

CM 

CM 

rH 

X 

to 

pd 

© 

© 

pd 

© 

rH 

CM 

s 

00 

X 

CM 

rH 

f-H 

CM 

rH 

rH 

G 

G 

B 

s 

B 

£ 

rH 

CM 

CM 

ID 

CO 

X 

9 

Pd 

to 

LO 

X 

LO 

© 

X 

© 

Pd 

CM 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

SJ 

6 

G 

6 

B 

G 

B 

6 

G 

B 

6 

B 

G 

G 

B 

s 

G 

G 

B 

G 

B 

B 

si 

to 

B 

B 

G 

B 

B 

B 

B 

B 

B 

G 

CM 

G 

6 

B 

B 

6 

G 

B 

S 

B 

s 

s 

S 

si 

6 

si 

G 

s 

S 

rH 

s 

to 

CD 

to 

00 

0» 

O 

B 

rH 

K 

P- 

* 

OJ 

to 

X 

G 

rH 

Pd 

CM 

rn 

X 

Oi 

© 

ID 

CO 

pd 

CO 

X 

S 

g 

rH 

x 

CM 

B 

a 

£  £ 

CM 

X 

X 

* 

fH 

rH 

B 

Si 

6 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

*  *. 

. 

S> 

SJ 

G 

G 

G 

G 

G  SJ 

G 

B 

G 

B 

G 

s 

B 

B 

5 

G 

s 

G 

G 

s 

G 

G 

G 

G 

B 

G 

B 

UJS6SSBSBSBBB6BS6BSSBBSSSBSSBSSBSS 


B-33 
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1287.47  3141.81  2123.03  1420.64  2710.94  1633.64  2777.32 
Th«  minimum  and  maximum  art  0 .00000000E+00  3161.7022 


Table  B-AM6b 
Aerojet  MC2  Array 

Background  Run  #4  (BGM  #4)  Before  Star  Sighting 


Tha  minimum  and  maximum  art  0 . 00000000E+00  22276.820 


Table  B-AM6c 
Aerojet  MC2  Array 

Background  Run  #4  (BQC  #4)  Before  Star  Sighting 
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Abstract 


The  Aerospace  Corporation  has  conducted  5  flight  series  on  the  Kuiper  Airborne  Observa¬ 
tory  (KAO)  utilizing  two-dimensional  array  infrared  cameras.  The  KAO  is  operated  by  NASA 
Ames  Research  Center.  These  flights  have  several  objectives  with  the  primary  task  being 
the  test  in  an  aircraft  environment  of  state-of-the-art  two-dimensional  arrays  of  both 
blocked  impurity  band  and  bulk  silicon  devices  provided  by  Rockwell  International  and  the 
Aerojet  ElectroSystems  Company  under  contract  to  the  U.S.  Army.  There  is  extremely  low 
crosstalk  due  to  the  SWIFET  (switcned  FET)  readout  scheme  employed  on  all  three  arrays 
flown  to  date.  The  ~  500-element  arrays  were  operated  with  a  frame  time  of  307  nsec  whicii 
placed  a  large  burden  on  the  data  recording  equipment.  The  flight  data  were  recorded  on  8" 
floppy  disks,  a  9-track  tape  recorder,  and  a  high-speed  28-track  flight  recorder.  System 
sensitivities  have  been  shown  to  be  good  enough  to  detect  astronomical  sources,  ooth  point¬ 
like  and  extended  in  nature.  Both  staring  and  scanning  experiments  were  performed  using 
several  astronomical  sources.  In  the  scanning  experiments,  a  star  was  used  as  a  point 
source  which  was  scanned  across  the  array  at  a  fixed  angle  and  angular  rate  using  the  rock¬ 
ing  secondary  mirror  of  the  KAO.  The  data  were  then  processed  in  a  Time  Delay  and  Inte¬ 
grate  mode  by  the  Boeing  Aircraft  Corporation;  this  TDI  simulation  achieved  close  to  the 
theoretically  predicted  improvement  in  signal-to-noise  ratio. 

Introduction 

Recently  the  U.S.  Army  engaged  in  an  engineering  and  technology  development  and  demon¬ 
stration  program  in  concert  with  wind  tunnel  and  airborne  astronomical  research  programs  at 
the  NASA  Ames  Research  Center.  The  program  deals  with  many  issues  in  such  diverse  areas  as 
atmospheric  seeing  effects,  aerodynamics  effects  on  images,  background  radiance  from  the 
atmosphere  and  the  platform,  and  the  use  of  IR  arrays  on  airborne  platforms.  Because  the 
program  is  built  around  the  use  of  the  Kuiper  Airborne  Observatory  (KAO)  (Figure  1),  the 
project  is  dubbed  the  Kuiper  Infrared  Technology  Experiment,  or  KITE.  The  KAO  itself  is  a 
4-engine  C141  jet  transport  equipped  with  a  90-cm,  all-reflective  altazimuth  telescope 
viewing  out  the  left  side  of  the  aircraft  at  elevation  angles  from  about  35°  to  about 
72°.  One  major  thrust  of  the  KITE  program  includes  the  integration  of  existing  state-of- 
the-art  infrared  detector  arrays  both  of  bulk  silicon  and  of  Impurity  Band  Conduction  (IBC) 
architecture  into  flight-qualified  dewars  for  testing  under  a  variety  of  conditions  on 
three  different  telescopes.  The  goals  of  the  array  work  are; 

1.  To  take  several  state-of-the-art  IR  arrays  which  have  been  used  only  in  the  laboratory 
and  demonstrate  their  use  in  a  working  flight  system  which  includes  data  acquisition 
and  subsequent  data  processing. 

2.  To  collect  information  on  the  use  of  the  above  arrays  in  an  airborne  environment  where 
ground  currents,  radio  transmissions,  and  mechanical  and  acoustical  vibrations  are 
only  a  few  of  many  potential  sources  of  performance  degradation. 

3.  To  quantify  the  angular  size  of  the  IR  image  near  11  ym  over  a  variety  of  time  scales, 

and  to  measure  the  amount  of  motion  of  that  image  (blur  size  and  jitter). 

4.  To  collect  a  database  for  evaluating  the  impact  of  varying  aerodynamical  parameters 

(for  example,  the  mach  number  and  cavity  turbulence)  on  the  image  quality. 

5.  To  attempt  an  actual  demonstration  of  system  performance  in  a  time-delay-and-integrate 
(TDI)  mode. 

6.  To  provide  a  database  for  subsequent  use  in  studies  of  signal  processing  of  extended 
sources,  background  variability  and  subtraction,  and  closely  spaced  objects. 

All  of  these  goals  were  met  in  a  2-year  time  period,  and  within  5  months  of  the  ambitious 
schedule  conceived  in  August  1983,  although  we  have  only  just  begun  to  process  the  data  and 
to  interpret  the  results. 

A  project  of  this  magnitude  requires  a  tremendous  amount  of  manpower.  Organizing  the 
effort  was  complicated  in  this  case  by  the  compressed  schedule  caused  by  funding  delays  and 
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OPERATING  CEILING:  41  45  K  ft 

ENDURANCE  FOR  RESEARCH  7  5  hr 

RANGE:  3300  n.  mi 

PAYLOAD  60-100  K  lb 

TELESCOPE  APERTURE  36  in  (91  cm) 

POINTING  PRECISION:  < 1  arcsec 


INVESTIGATOR  ACCOMMODATION 
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OPERATING  CEILING:  45  K  ft 

ENDURANCE  FOR  RESEARCH.  2  5  hr 

RANGE:  1300  n  mi 

PAYLOAD  1  2  K  lb 

TELESCOPE  APERTURE:  12  in  (30  cm) 

POINTING  PRECISION  15  arcsec 

INVESTIGATOR  ACCOMMODATION  2 


Figure  1.  Description  of  NASA  aircraft. 

aircraft  problems.  Figure  2  shows  the  organization  of  the  project.  We  emphasize  that  this 
effort  was  conceived  as  a  systems  engineering  project  and  not  as  a  comparative  array  test 
and  evaluation  program.  The  three  different  arrays  used  were  operated  with  different  fil¬ 
ters  under  different  conditions;  no  quick  comparisons  of  relative  performance  can  be  or 
should  be  made.  Aerojet  ElectroSystems  Company  (AESC)  supplied  a  Si:Bi  oulk  array  and  an 
MC2  array,  both  in  a  16  x  32  pixel  format,  together  with  a  signal  processor  which  could  be 
programmed  to  do  a  hardware  flat-fielding  to  correct  for  offset  and  gain  variations  in  the 
array/multiplexer  combination.  Because  the  same  electronics  had  to  be  used  for  all  devices 
this  latter  feature  was  used  only  in  the  laboratory.  Rockwell  International  ( RI )  provided 
a  BIBIB  array  in  a  10  x  50  pixel  format  together  with  a  signal  processor  built  to  identical 
interface  specifications.  This  meant  that  the  readout  devices  of  the  Boeing  Aerospace 
Corporation  and  The  Aerospace  Corporation  could  connect  to  either  set  of  electronics  inter¬ 
changeably.  Boeing  Aerospace  Corporation  ( BAC )  provided  a  burst  processor  and  actively 
participated  both  in  test  runs  on  a  telescope  at  Mt.  Lemmon  and  on  KAO  flights.  The  burst 
processor  provides  a  very  useful  reST-time  tool  as  well  as  a  convenient  way  to  store  128 
consecutive  frames  onto  an  8"  floppy  disc.  The  Boeing  signal  processing  group  has  done  a 
great  deal  of  analysis  of  image  size  and  motion  as  well  as  having  worked  on  the  TDI  demon¬ 
stration.  Teledyne  Brown  Engineering  ( TBE )  contributed  two  versions  of  the  optical  design 
for  the  dewar  in  its  f/16  configuration,  worked  with  Aerospace  on  the  f/6.5  optics,  pro¬ 
vided  the  germanium  lenses,  participated  in  ground  and  flight  tests,  did  much  of  the  plan¬ 
ning  of  test  procedures,  and  performed  major  post-flight  data  analysis.  The  University  of 
Denver  built  and  flew  a  cold-optics  radiometer  to  provide  a  characterization  of  the  atmo¬ 
spheric  radiance  which  was  coincident  in  space  and  time  with  the  array  observations.  The 
Aerospace  Corporation  served  as  principal  investigator  on  the  experiment,  coordinated  the 
various  groups,  provided  cryogenic  dewar  specifications,  installed  and  aligned  the  optics 
in  the  dewar,  conducted  the  various  observing  runs  and  test  programs,  provided  the  primary 
data  acquisition  system,  and  converted  the  various  flight  tapes  into  common  9-track 
tapes.  Recently,  Aerospace  has  also  begun  to  play  a  major  role  in  data  analysis  and  inter¬ 
pretation. 


Dewars  and  Optics 

Overall  Goals  to  be  Met  by  the  Mechanical  and  Optical  Design 

Two  major  constraints  determined  the  optical/mechanical  design  of  the  KITE  detector 
systems.  First,  the  instruments  had  to  be  suitable  for  use  on  three  different  telescopes 
without  moving  the  detector  arrays  or  the  internal  wiring.  These  telescopes  are:  the 
Kuiper  Airborne  Observatory  or  KAO  (f/16,  36-inch  primary  mirror),  the  Lear  Jet  Observatory 
or  LJO  (f/6.5,  12-inch  mirror),  and  the  ground-based  Mt.  Lemmon  NASA  telescope  (f/16,  60- 
inch  mirror).  Second,  the  infrared  background  seen  by  the  detector  arrays  while  observing 
through  a  telescope  must  be  low  enough  not  to  saturate  the  detector  multiplexer.  All  of 
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Figure  2.  Organization  o £  the  KITE  project. 

the  decisions  made  during  the  design  and  implementation  of  the  KITE  systems  were  ultimately 
driven  by  one  or  the  other  of  these  two  constraints.  In  addition  we  wanted  the  instruments 
to  be  simple  to  use  and  maintain  and  to  be  portable.  For  practicality  we  specified  that 
the  cryogenic  dewars  require  re-filling  a  maximum  of  once  per  day. 

Cryostats 

The  detector  cryostats  had  to  be  small  enough  to  fit  into  the  space  available  on  the 

airborne  platforms  (a  severe  constraint  in  the  case  of  the  Lear  Jet),  and  yet  have  an  in¬ 
terior  work  space  large  enough  to  accommodate  the  relatively  bulky  elements  required  by  the 
optical  design.  Because  time  was  short,  a  readily  available,  reliable,  and  tested  cryostat 
was  strongly  preferred.  These  requirements  led  us  to  choose  the  Infrared  Laboratories' 
model  HD-3 (8)  dewar  with  an  expanded  workspace  and  two  vacuum-sealed  41-pin  connectors. 

This  liquid-nitrogen  shielded  dewar  has  been  used  by  a  number  of  other  infrared  astronomers 
who  have  found  it  to  be  reliable.  Figure  3  shows  a  cross-section  of  the  HD-3(8);  the 
liquid-helium-cooled  work  surface  is  an  8-inch  diameter  circle,  and  there  is  a  vertical 

space  of  4-in  between  the  helium-cooled  surface  and  the  nitrogen-cooled  radiation  shield. 

The  original  TBE  optical  design  called  for  a  2-inch  clear  hole  through  the  liquid  nitro¬ 
gen  shield  which  placed  an  unacceptably  high  thermal  radiation  load  on  the  helium  cryo¬ 
stat.  The  current  design  uses  two  liquid-nitrogen  cooled  blocking  filters  and  a  cooled 
rectangular  focal  plane  baffle  to  reduce  the  amount  of  thermal  radiation  which  enters  the 
helium-cooled  volume.  The  helium  vessel  needs  to  be  refilled  only  once  every  60  hours  when 
the  arrays  have  not  been  turned  on.  There  is  significant  electrical  energy  dissipation 

from  the  arrays  at  the  cold  work  surface  when  they  are  operating;  in  this  case  the  hold 
time  falls  to  about  24  hours.  The  thermal  radiation  shield  must  be  refilled  with  liquid 
nitrogen  approximately  once  every  24  hours  as  well.  Thus  it  is  not  possible  to  leave  an 
unused  cold  dewar  unattended  for  an  entire  weekend. 

The  dewar  is  heavy,  about  70  lbs  with  preamp  and  mounting  hardware,  which  places  severe 
constraints  on  the  hardware  which  mates  it  to  the  telescope.  On  an  aircraft,  the  mounting 
hardware  must  be  capable  of  maintaining  the  dewar's  optical  alignment  in  the  presence  of 
strong  vibration.  On  a  ground-based  telescope,  the  dewar's  optical  alignment  with  respect 
to  the  telescope  must  be  maintained  even  as  the  telescope  is  tilted  by  up  to  60°. 
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Figure  3.  Cross-section  of  the  Infrared  Laboratory  HD-3(8)  dewar  used  for  the  detector 
arrays.  Dimensions  are  in  inches.  The  dimensions  marked  "A"  and  "B"  are  2”  and 
4",  respectively,  for  our  dewar  which  necessitated  adjustments  in  some  of  the 
other  indicated  sizes. 

Dewar  Optical  Design 

The  optics  inside  the  dewar  must  re-image  the  focal-plane  of  the  (existing)  telescopes 
onto  the  detector  array  at  a  suitable  magnification  while  introducing  as  little  extra 
aberration  as  possible.  The  design  must  also  include  a  Lyot  stop  which  is  a  helium-cooled 
stop  placed  at  a  real  image  of  the  pupil  to  minimize  unwanted  background  radiation  reaching 
the  detectors.  To  minimize  thermal  background  radiation  all  of  the  optical  train,  with  the 
exception  of  the  entrance  window,  must  be  cooled  to  cryogenic  temperatures.  Additionally, 
the  optics  should  be  kept  as  simple  as  possible  so  that  thev  can  be  aligned  in  the  labora¬ 
tory  and  not  lose  alignment  when  cooled  or  when  exposed  to  shock  and  vibration  on  board  the 
aircraft. 

The  production  of  compact,  high-quality  re-imaging  optics  is  a  challenging  task  for  the 
optical  designer.  Two  designs  were  developed,  one  for  the  f/6.5  LJO  telescope,  the  other 
for  use  on  both  the  f/16  KAO  and  the  f/16  Mt.  Lemmon  60 -inch  telescope.  The  f/6.5  design 
uses  a  pair  of  off-axis  paraboloids  (Figure  4);  the  system  has  an  overall  magnification  of 
unity  and  serves  merely  to  take  the  image  formed  by  the  telescope  focal  plane  and  re-image 
the  light  onto  the  'etector  focal  plane.  When  used  on  the  LJO  12-inch  telescope,  each  125 
x  125  micron  detector  subtends  an  angle  of  13  x  13  arcseconds  (65  x  65  microradians).  The 
AESC  Si:Bi  bulk  detector  array  mounted  in  this  optical  system  was  first  flown  on  the  LJO  in 
May,  1985  to  measure  backgrounds  and  system  noise.  No  star  observations  were  made  at  that 
time  because  of  problems  with  the  pointing  servo-system  of  the  telescope. 

Because  we  wanted  the  optical  system  used  on  the  KAO  to  have  a  de-magnification  of  ap¬ 
proximately  2.5,  the  simple  two-mirror  system  used  for  the  LJO  was  not  adequate.  Such  a 
system  gives  unacceptably  large  aberrations  when  used  at  a  magnification  other  than 
unity.  While  Aerospace  was  awaiting  the  award  of  contract,  TBE  undertook  the  design  of  a 
re-imaging  system  which  would  give  acceptable  optical  performance  and  still  fit  inside  the 
infrared  dewar.  Their  foresight  allowed  the  acquisition  of  the  optics  in  a  timely  fashion 
and  avoided  delays  in  the  program.  Because  oc  the  large  amount  of  special  wiring  and 
cabling  that  is  needed  to  mount  the  detectors  in  the  dewar,  we  asked  that  the  new  design 
not  require  that  the  detector  substrate  be  moved  from  its  original  position  on  the  helium 
surface.  The  initial  TBE  design  used  a  single  Ge  lens  which  was  mounted  just  inside  the 
penetration  of  the  liquid  nitrogen  shield  and  simply  condensed  the  beam;  it  is  shown  in 
Figure  5.  Because  there  was  no  Lyot  stop,  this  first  design  gave  a  high  infrared  back¬ 
ground  which  saturated  the  detector  array.  The  final  TBE  design  is  shown  in  Figure  6.  A 
germanium  lens  is  used  to  re-image  the  telescope  focal  plane  and  to  provide  a  real  image  of 
the  pupil  for  a  Lyot  stop.  Two  flat  mirrors,  one  before  the  lens  and  one  after  the  lens, 
fold  the  optical  path  so  that  it  fits  into  the.  dewar.  This  optical  scheme  is  used  by  all 
three  detector  systems  when  they  are  mounted  on  the  KAO  or  on  the  Mt.  Lemmon  60-inch  tele¬ 
scope.  Table  1  summarizes  the  re-imaging  optics  and  their  performance  on  the  telescopes. 
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Figure  6.  Final  optics  used  for  the  Kuiper  Airborne  Observatory  f/16  36-inch  telescope  and 
the  Mt.  Lemmon  Observatory  60-inch  telescope.  This  design  re-images  the  pupil 
onto  a  cooled  Lyot  stop,  and  greatly  reduces  the  background  seen  by  the  array. 
Helium-temperature  baffles  are  omitted. 

The  Germanium  Lens 

A  germanium  lens  has  a  refractive  index  high  enough  to  give  the  short  focal  length  de¬ 
manded  by  the  final  optical  design  without  introducing  unacceptable  aberrations;  it  also 
serves  as  an  additional  short-wavelength  blocking  filter.  The  use  of  a  germanium  lens 
presents  two  problems,  however.  First,  because  germanium  does  not  transmit  visible  light, 
the  lens  must  be  aligned  by  "dead  reckoning".  Second,  an  uncoated  Ge  lens  transmits  only 
~  40%  of  the  incident  radiation.  Thus  the  lens  must  be  anti-reflection  (A-R)  coated  to 
reduce  reflection  losses.  This  A-R  coating  must  adhere  to  the  lens  at  liquid  helium  tem¬ 
peratures  and  survive  repeated  cycling  between  4K  and  300K.  Thermal  tests  were  made  of  an 
A-R  coating  supplied  by  CVI  Laser  Corporation  on  a  germanium  flat.  Adhesion  after  three 
cycles  between  room  temperature  and  liquid  helium  temperature  was  found  to  be  excellent, 
and  the  coating  readily  passed  an  "adhesive  tape"  and  an  "eraser"  abrasion  test.  Unfortu¬ 
nately,  the  lenses  that  were  subsequently  coated  shed  their  A-R  coatings  after  only  one 
thermal  cycle.  These  lenses  have  since  been  r^-coated  with  acceptable  results,  although 
some  of  them  are  starting  to  shed  their  A-R  coating  where  they  are  in  contact  with  the 
clips  that  hold  them  in  their  optical  mounts. 

Although  the  HD-3(8)  dewars  were  specially  modified  to  give  extra  room  in  the  "vertical" 
direction  (perpendicular  to  the  optical  axis),  the  largest  germanium  lens  that  can  be 
fitted  into  the  dewar  in  a  rigid  mount  without  obstructing  other  parts  of  the  optical  path 
has  a  diameter  of  only  about  2  inches.  This  is  too  small  to  allow  all  of  the  detectors  in 
the  Rockwell  BIBIB  10  x  50  element  array  to  be  illuminated  by  the  entire  primary  mirror. 
Even  with  the  optics  optimally  aligned,  detectors  at  the  extreme  edges  of  the  50-element 
columns  are  vignetted.  Any  performance  figures  that  we  discuss  for  this  array  are  for 
fully  illuminated  detectors  near  the  optical  axis. 

Optical  Mounts,  Baffles,  and  Background  Considerations 

Mounts  for  the  optical  components  were  designed  and  constructed  at  The  Aerospace 
Corporation.  The  major  issues  addressed  when  designing  the  mounts  were  differential 
thermal  contraction  and  the  thermal  sinking  of  elements  to  the  helium  surface.  Even  now 
the  most  thermally-distant  components  cool  relatively  slowly  so  that  the  first  3-liter  load 
of  liquid  helium  is  lost  within  20  minutes.  At  the  end  of  this  time,  however,  the  optics 
are  sufficiently  cold  that  the  second  3-liter  load  of  helium  will  last  almost  a  full  60 
hours . 

The  requirement  for  using  existing  array  devices  was  driven  by  cost  and  schedule  con¬ 
straints.  For  example,  it  was  only  about  6  months  from  the  time  that  the  first  array  was 
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out  into  a  dewar  anti  l  it  had  oeen  tested  in  tne  laboratory  and  successfully  flown  on  tne 
LJO  and  KAO.  fn  tor  Lunate  ly ,  tne  existing  arrays  were  ail  meant  to  be  used  under  low  back¬ 
ground  conditions  (i.e.,  had  small  node  caoacita ices  of  the  order  of  0.4  pf )  and  this  re¬ 
quired  particular  attention  to  spectral  filtering  and  cold  baffling  it  tne  multiplexers 
were  not  to  oe  saturated. 


If  the  background  from  the  liquid-nitrogen  cooled  radiation  shield  were  allowed  to  illu¬ 
minate  the  entire  hemisphere  viewed  by  a  detector,  each  detector  would  see  -  1.3  x  10® 
pnotons  per  second  per  micron  at  11  microns.  Thus,  the  Rockwell  BIBIB  detector  would 
see  -3.6  x  10 '  photons  per  second  m  its  0.28-pm  oandpass ,  and  the  AESC  MC^  detector  would 
see  -2.5  x  10®  photons  per  second  in  its  1.9-pm  bandpass.  The  number  of  photons  (7.5  x 
10^)  collected  in  one  frame  time  (3  x  10-4*  sec)  is  quite  small  when  compared  to  the  satura¬ 


tion  level  of 


10°  elec 


ectrons.  Yet,  when  blanked-off  tests  were  performed  in  early  stages 
of  the  project,  the  devices  were  essentially  in  saturation  i  i.e.  ,  >  10"  photons/detector 

per  frame).  This  was  traced  to  a  long  wavelength  (>  18  pm)  leak  wmch  appeared  in  the 

oandpass  filters  when  they  were  operated  at  10K.  The  filters  have  a  transmission  of  -  25% 
from  20  to  28  urn,  a  region  of  strong  response  for  IBC  devices.  The  background  due  to  77k 
radiation  through  the  leak  would  be  expected  to  be  'too  high  to  be  useful  as  a  reference 
"zero".  Thus,  liquid-helium  cooled  baffles  were  placed  between  the  helium-cooled  optics 
and  the  nitrogen-cooled  radiation  shield.  Although  these  baffles  are  fairly  crude  and  are 
fabricated  from  aljminum  shim,  aluminum  foil  and  aluminum  tape,  they  are  readily  installed 
and  removed,  and  greatly  reduce  the  background  from  the  radiation  shield. 


We  also  found  several  "lignt  leaks"  in  the  liquid-nitrogen  cooled  radiation  snield  which 
were  letting  in  an  unacceptably  large  number  of  photons  from  the  room-temperature  vacuum 
canister.  The  largest  light  leak  was  through  the  metal  caps  over  the  holes  lor  tne  nylon 
stabilizing  pins  in  the  baseplate.  This  was  cured  by  placing  aluminum  tape  around  the 
metal  caps.  Other  small  radiation  leaks  were  corrected  in  a  like  manner.  Each  detector 
currently  sees  a  background  flux  from  the  dewar  alone  of  less  than  5  x  10®  photons  per 
second  when  the  helium-cooled  baffles  around  the  optics  and  the  light  leaks  into  the  radia¬ 
tion  shield  are  blocked.  This  is  adequate  to  serve  as  a  zero-incident  photon  (ZIP)  back¬ 
ground  when  compared  to  the  background  seen  by  the  arrays  through  the  10  pin  filters. 


Windows  and  Filters 


The  dewar  entrance  window  is  made  of  ZnSe  and  has  been  anti-reflection  coated  to  give 
maximum  transmission  near  10  microns.  Unlike  a  number  jf  other  commonly  used  infrared 
window  materials,  ZnSe  is  relatively  insensitive  to  degradation  in  a  humid  environment. 
The  material  also  has  a  very  low  infrared  emissivity  (<  1%  at  10  microns),  which  is  partic¬ 
ularly  important  as  it  must  be  used  at  "room"  temperature  and  furthermore  f.  11s  the  beam. 
One  disadvantage  of  ZnSe  is  that  it  has  a  high  refractive  index  and  must  be  anti-reflection 
coated  to  avoid  unacceptably  high  ( -  30%)  reflection  losses. 

Infrared  filters  are  placed  at  two  positions  inside  the  dewar.  A  set  consisting  of  an 
8-13  pm  interference  filter  coupled  with  an  uncoated  BaF2  blocking  filter  is  mounted  on 
the  liquid-nitrogen  cooled  radiation  shield  (see  Figures  4  and  6).  Th.s  filter  set  pre¬ 
vents  unwanted  thermal  radiation  from  entering  the  liquid-helium  coolea  areas  and  protects 
the  detectors  from  seeing  unnecessarily  high  background  radiation;  the  filters  also  reduce 
the  thermal  radiation  load  borne  by  the  helium  cryostat  as  discussed  above.  The  BaF  2 
filter  blocks  long-wavelength  leaks  in  the  8-13  pm  interference  filters  and  radiates  like  a 
77K  blackbody  as  far  as  leaks  in  the  narrow  filter  on  the  array  mount  are  concerned.  A 
nel  ium-cooled  filter  (or  two  in  the  case  of  the  RI  array)  is  placed  directly  in  front  of 
the  detector  array.  This  narrow-band  interference  filter  is  the  primary  determinant  of  tne 
infrared  bandpass  seen  by  the  detector.  For  the  Rockwell  BIBIB  array,  the  limiting  filter 
has  a  half-power  bandpass  from  10.5  to  10.7  pm  warm.  The  AESC  arrays  use  filters  with  a 
half-power  bandpass  from  10.5-12.5  pm  warm. 

Data  Acqusition  System 

The  data  acquisition  system  is  based  on  a  16-bit  8086/8087-based  S-100  bus  computer 
system  assembled  from  a  combination  of  boards,  some  of  which  were  commercially  available 
and  some  of  which  were  designed  and  built  in-house.  The  functional  diagram  is  shown  in 
Figure  7.  Integrated  circuits  were  specifically  chosen  for  high  speed  operation  (8  MHz) 
because  of  the  extremely  high  data  rates  associated  with  the  experiment.  For  a  307  psec 
frame  time  and  512  pixels  at  12  bits  each,  the  full  bandwidth  is  about  3.3  Mbytes/sec  of 
data.  Including  housekeeping,  the  data  rate  is  5  Mbytes/sec.  There  is  no  reasonable  way 

to  intercept  that  data  stream  with  a  conventional  computer,  so  a  number  of  interface  boards 
were  designed  and  built  at  The  Aerospace  Corporation  to  send  the  data,  together  with  house¬ 
keeping  and  time  code  information,  directly  to  the  Ampex  28-track  high  density  recorder 
while  sending  in  parallel  the  array  data  to  the  host  computer.  The  host  computer  is 
capable  of  acquiring  approximately  1  out  of  every  4  frames  sent  to  it  at  this  rate.  The 
comouter  can  display  either  a  color  representation  of  the  data  at  about  15  Hz,  or  send  the 
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Figure  7.  Functional  diagram  of  the  16-bit  8086/8087-oased  S-100  dus  computer  system. 

Aerospace  equipment  is  enclosed  by  the  dotted  line;  other  equipment  was  GFE  or 
supplied  by  other  contractors. 

1  in  4  frames  to  either  a  6250-bpi  Telex  9  track  tape  recorder  (3200  frame  files)  or  to  an 
8"  floppy  disc  (1228  frames/disc).  The  acquisition  of  the  data  in  the  host  computer  is 
done  with  a  buffered  interface  board  and  a  "frame  grabber"  (a  dual-port  memory  and  video 
display  processor)  designed  and  built  at  Aerospace.  In  addition,  boards  were  built  to 
encode  the  time  and  the  position  of  the  secondary  mirror  during  each  frame,  to  decode  the 
time  during  28-track  tape  playback,  to  simulate  the  array  output  so  that  hardware  and  soft¬ 
ware  tests  can  be  done  independent  of  functioning  arrays,  to  interface  the  28-track  play¬ 
back  electronics  to  the  host  computer  so  that  the  data  quality  on  the  28-track  tapes  can  be 
verified,  and  to  interface  between  the  28-track  and  9-track  recorders  during  playback  and 
downloading  of  the  data  to  9-track  tapes. 

Software  was  written  to  provide  a  versatile  display  in  real-time.  Corrections  for  off¬ 
set  and  gain  variation  in  the  array  output  (pattern  noise)  can  be  applied  to  the  data  be¬ 
fore  display  on  the  color  monitor.  in  addition,  the  host  computer  can  control  the  position 
of  the  rocking  secondary  mirror  of  the  telescope  providing  a  background  subtraction1'2  at 
~  27  Hz  ("chopping")  to  enhance  a  target  signal  relative  to  the  background.  However,  on 
our  second  KAO  series  we  found  a  background  measurement  would  typically  be  valid  for  up  to 
10  minutes,  which  allowed  the  storage  and  subtraction  of  that  background  without  chop¬ 
ping.  We  believe  that  the  background  varied  so  slowly  because  of  the  improvements  that 
NASA  had  made  in  the  vacuum  tightness  of  the  cavity  with  respect  to  the  plane's  cabin;  this 
presented  the  array  with  a  fairly  stable  background  in  the  open  port  cavity.  Some  residual 
fluctuations  can  still  be  seen  in  the  background  data,  especially  when  played  back  in  a 
"movie"  mode  on  a  color  terminal.  We  believe  that  this  is  due  to  small  motions  of  the 
telescope  with  respect  to  the  cavity  as  the  servo  stabilization  system  corrects  for 
aircraft  motion.  That  servo  correction,  incidentally,  results  in  an  image  motion 
of  <  5  urad,  rms . 

To  date  the  most  difficult  task  has  been  interfacing  the  28-track  Ampex  recorder  to  the 
array  outputs.  A  large  number  of  early  parts  failures  made  it  difficult  to  get  started, 
but  these  appear  to  be  resolved  now.  The  recorder  requires  a  pixel  clock  for  control  of 
tape  speed,  and  this  clock  must  meet  exacting  specifications  for  symmetry,  stability,  and 
absence  of  noise.  Althuugh  more  than  1010  bytes  of  data  were  recorded  on  28-track  tapes 
during  three  7-hour  flights,  problems  with  interference  on  the  pixel  and  frame  sync  lines 
have  made  more  than  2/3  of  it  unrecoverable.  Thus  far  we  have  used  instead  the  smaller 
amount  of  real-time  9-track  data  which  was  recorded  in  parallel.  We  believe  that  hardware 
fixes  have  corrected  this  problem  for  future  flights.  As  it  currently  exists,  line  drivers 
with  optical  isolators  which  are  capable  of  driving  3  ports  are  connected  directly  to  the 
digital  data  bus  of  the  array  electronics  package  which  was  provided  by  the  array  manufac¬ 
turer.  One  of  the  outputs  is  then  connected  to  a  buffered  interface  board  which  conducts 
I/O  with  the  time  encoder  board,  the  secondary  position  A/D  board,  and  the  frame  grabber, 
which  are  all  located  in  the  host  computer.  This  buffered  interface  board  merges  the 
housekeeping  data  with  the  array  data  and  sends  it  to  the  28-track  recorder. 

We  now  have  two  options  for  playback.  We  can  slow  down  the  28-track  recorder  and  play 
the  tape  directly  into  the  16-bit  system  without  losing  frames,  or  we  can  connect  the  Ampex 
playback  electronics  to  the  buffered  interface  unit  (BIU).  The  BIU  uses  a  microprocessor  as 
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part  of  a  tape  controller  and  resides  on  two  S-100  qus  cards.  DMA  (direct  memory  access) 
is  used  to  transfer  tne  data  from  the  28-track  high  density  tape  to  a  tore  common  6250  upi 
9-track  tape.  The  RIU  uses  interrupt-driven  software  and  First-In-First-Out  buffers 
(FIFOs)  to  increase  system  throughput.  AIL  of  these  devices  have  now  been  run  successfully 
in  the  laboratory. 


Field  Tests 


rthen  new  devices  of  any  sort  are  created,  one  of  the  first  tasks  undertaken  is  to 
attempt  to  Characterize  tile  device  under  extremely  well-controlled  conditions.  In  the  case 
of  an  Ill  detector  array,  this  usually  means  a  laboratory  environment  with  the  detector 
installed  in  a  dewar  designed  specifically  tor  the  array  in  terms  of  oackyround,  spectral 
filtering,  detector  temperature,  and  detector  bias.  The  electronics  may  be  run  by  bat¬ 
teries,  or  at  a  minimum  by  carefully  regulated  power  supplies,  and  the  entire  system  is 
usually  in  a  room  where  there  is  no  EMI  (electro-magnetic  interference).  This  is  as  it 
Should  be,  for  only  in  this  manner  can  one  map  out  the  performance  of  the  device  as  a  func¬ 
tion  of  tne  many  variables  associated  with  its  operation  and  identify  the  ultimate  limits 
on  its  performance. 

Unfortunately,  this  does  not  address  the  operating  characteristics  of  devices  in  the 
real  world.  The  following  plan  was  therefore  devised  to  move  in  reasonable  increments  from 
tne  manufacturer's  laboratory  to  airborne  observations  from  the  KAO. 

The  helium  dewars  were  specified  several  months  in  advance  of  the  award  of  contract  to 
Aerospace  and  delivered  on  schedule.  Next  the  optics,  provided  by  TBE,  were  to  be  in¬ 
stalled  at  Aerospace  and  the  entire  dewar  taken  to  the  manufacturer  for  array  installa¬ 
tion.  Plans  allowed  for  several  weeks  of  operation  in  the  Aerospace  laboratories  following 
installation.  Because  of  numerous  delays  the  first  dewar,  containing  the  AESC  bulk  array, 
was  delivered  the  day  before  departure  for  the  Mt.  Lemmon  Observatory.  At  Mt.  Lemmon  we 
had  to  install  the  dewar  in  a  mounting  cradle,  set  up  a  test  fixture  to  simulate  the  tele¬ 
scope,  and  align  the  dewar  in  its  cradle.  The  60"  aperture  of  the  Mt.  Lemmon  telescope 
afforded  us  enough  collecting  area  to  see  IR  stars  such  as  u  Cep  or  a  Ori  with  a  good 
signal-to-noise  ratio.  The  spot  size  was  essentially  as  predicted,  but  the  background  was 
unacceptably  high.  At  this  point  design  and  procurement  of  the  second  version  of  the  f/16 
optics  were  initiated  by  TBE. 

Two  off-axis  paraboloids,  as  discussed  earlier,  were  then  installed  in  the  dewar  and 
flown  on  tne  Learjet  Observatory  (L.JO).  The  LJO  has  a  very  noisy  acoustical  environment. 
It  also  has  ground  return  currents  flowing  in  the  skin  of  the  aircraft  and  frequent  radio 
transmissions  by  the  pilots.  Both  of  these  can  produce  bad  electrical  interference.  We 
concluded  that  the  LJO  flight  would  be  a  good  test  of  the  impact  of  an  airborne  telescope 
platform  on  the  noise  performance  of  the  arrays  and  their  electronics.  In  flight,  the 
noise  spectra  of  specific  pixels  were  within  a  factor  of  two  of  those  measured  in  the 
laboratory.  Infrared  backgrounds  were  markedly  reduced  in  the  air.  In  retrospect,  we 
believe  that  the  relatively  low  noise  level  was  probably  due  to  our  operating  the  arrays  in 
a  region  of  soft  saturation  (slightly  too  high  a  bias  voltage  for  the  background)  where  the 
noise  appears  artificially  small. 

Less  than  one  month  after  the  LJO  tests,  we  installed  the  system  on  the  KAO,  which  re¬ 
quired  a  complete  changeover  of  the  dewar  optics  and  data  acquisition  systems.  The  instal¬ 
lation  of  the  new  optics,  which  had  a  liquid-helium-cooled  Lyot  stop,  was  prompted  by  the 
tests  at  Mt.  Lemmon  which  had  shown  an  unacceptably  high  thermal  background.  During  the 
first  two  KAO  flights,  we  used  the  AESC  bulk  detector  arny  to  collect  data  on  response  and 
noise  as  a  function  of  bias  voltage  for  four  IR  stars  and  for  Jupiter,  which  is  an  extended 
source.  Although  we  looked  for  the  effects  of  changing  the  operating  altitude  from  39,000 
to  45,000  feet,  infrared  background  radiation  from  the  cavity  completely  dominated  all 
other  effects.  On  the  third  flight,  degradation  of  the  surfaces  of  the  primary  and  terti¬ 
ary  mirrors  increased  the  background  and  further  degraded  the  performance  of  the  array. 

The  RI  BIBIB  array  and  AESC  MC2  array  were  subsequently  taken  to  Mt.  Lemmon  for  shake- 
down  runs  and  the  RI  system,  including  electronics,  was  flown  on  the  LJO  to  look  for  noise 
problems.  Again,  only  minor  problems  were  noted  during  these  tests,  except  that  we  in¬ 
stalled  a  narrower  filter  (~  .28  urn)  for  the  RI  array  in  order  to  reduce  the  background  on 
the  detectors.  While  at  Mt.  Lemmon,  AESC  took  laboratory  array  data  with  the  MC2  detector 
system  viewing  liquid  nitrogen,  dry  ice  and  acetone,  and  a  room-temperature  source  to  pro¬ 
vide  information  for  flat-fielding  studies.  We  are  gust  beginning  to  use  these  results  in 
our  data  reduction. 

In  September-October  1985,  a  crack  was  found  by  NASA  in  the  bulknead  of  the  KAO  tele¬ 
scope  cavity.  The  repair  and  subsequent  testing  forced  a  delay  of  over  50  days.  Following 
this  delay,  we  conducted  a  series  of  three  KAO  flights  in  January,  1986  in  an  attempt  to 
operate  all  three  arrays  (two  per  flight)  with  the  complete  data-acquisition  system  in- 
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eluding  the  28-track  high-density  tape  recorder,  which  had  not  been  used  on  the  previous 
KAO  flight  series.  During  the  first  of  these  flights  the  telescope  was  out  of  collimation 
and  gave  comatic,  deformed  images.  Technical  difficulties  with  tne  telescope  also  plagued 
the  second  flight,  but  the  third  flight  was  successful.  During  the  seven  nours  of  the 

third  flight,  all  three  dewars  were  mounted  on  the  telescope  in  turn  and  we  observed  the 

stars  a  On  and  CW  Leo  and  the  neoula  M42,  a  region  with  multiple  sources  and  extended 

emission.  During  the  observations  of  a  On  with  the  RI  dewar,  a  scanning  experiment 

sequence  was  conducted  by  Boeing  and  TBE  to  simulate  t ime-delay-and- Integra te  ( TDI )  opera¬ 
tion.  In  this  test,  the  image  cf  tne  star  was  scanned  across  the  array  at  different  rates 
to  simulate  a  moving  target.  The  subsequent  analysis  of  the  TDI  data  by  BAC  showed  an 
improvement  in  the  signal-to-noise  ratio  of  2.7  versus  the  theoretical  limit  of  3.0  even 
though  the  secondary  mirror  is  not  designed  to  do  this  sort  of  experiment.  To  the  best  of 
our  knowledge,  this  represents  the  first  demonstration  of  TDI  with  an  operational  system, 
and  is  a  significant  accomplishment  of  the  KITE  program. 

Preliminary  Results 

As  noted  above,  we  have  only  begun  to  scratch  the  surface  of  the  mass  of  KITE  data,  but 
a  few  comments  may  be  made  at  this  time.  The  image  core  appears  to  be  of  the  correct  size, 
although  the  wings  of  the  image  extend  further  than  expected.  The  wings  probably  do  not 
come  from  the  multiplexer  because  SWIFET  (switched  FET )  multiplexer",  aro  noted  for  their 
extremely  low  crosstalk.  We  plan  further  laboratory  experiments  to  assess  the  effect  of 
misalignment  or  poor  focus  of  the  dewar  optics. 

While  observing  a  bright  celestial  point  source  during  the  first  series  of  flights  we 

noted  a  low-level  illumination  of  the  focal  plane  over  all  but  the  few  rows  and  columns 

that  were  vignetted  due  to  a  slight  misalignment  of  the  dewar  optics.  Because  the  low 
level  flux  was  visible  only  on  those  detectors  which  were  able  to  see  out  of  the  dewar,  we 
concluded  that  the  effect  was  probably  due  to  scattering  off  dust  on  the  telescope  optics. 

To  first  order,  all  of  the  arrays  show  essentially  the  same  system  NEP  of  -  2  x  10~i3 

W/7hz.  But  we  have  noted  some  non-photon  counting  sources  of  noise  as  we  have  learned  how 

to  optimize  the  arrays'  performance.  We  are  exploring  the  nature  of  the  noise  to  look  for 
pick-up  (a  120  Hz  peak  came  and  went  in  flight),  level  shifts  such  as  one  might  expect  from 
changing  out-of-field  illumination  caused  by  the  motion  of  the  telescope  in  its  cavity,  or 
noise  due  to  ground  loops  on  the  airplane.  The  array  processor  electronics  were  con¬ 
structed  with  the  capability  to  move  the  single  point  ground  around  the  system.  However, 
aircraft  schedule  constaints  have  thus  far  precluded  our  doing  an  extensive  test  of  the 
noise  in  the  aircraft  on  the  runway  to  study  the  effects  of  moving  this  single  ground  point 
or  adding  additional  grounds. 

The  notion  of  the  image  seems  minimal,  $  2.4  iirad,  and  to  within  our  ability  to  measure 
it  may  be  constant.  The  spot  size  and  motion  data  axe  consistent  with  the  results  being 
obtained  at  visible  wavelengths  by  Dunham  and  Elliot3  as  part  of  a  separate  seeing  study 
being  done  under  KITE. 

We  have  now  written  and  tested  software  to  transfer  data  from  both  the  realtime  9-track 
tapes  and  the  down-loaded  9-track  tapes  which  are  generated  from  the  original  28-track 
tapes.  Now  that  the  data-transf er  problems  are  solved,  more  sophisticated  and  more  effi¬ 
cient  data  analysis  will  be  done  on  the  laboratory's  VAX  11/785  computer.  The  IDL  language 
which  we  use  for  this  work  has  proven  to  be  a  very  valuable  tool  due  to  its  flexibility, 
ease  of  use,  and  large  built-in  capability.  The  data  can  be  output  as  files  on  disc  or 
tape,  as  color  images  or  as  a  3-D  representation  of  the  array  intensity  (Figure  8).  Hard 
copies  are  easily  made.  We  are  also  able  to  compute  averages  and  standard  deviations  for 
each  pixel,  to  find  the  image  centroid,  and  to  study  noise  spectra  using  FFT's.  With 
Boeing,  TBE,  Aerospace,  and  U.S.  Army  analysts  all  studying  the  data,  we  hope  to  maximize 
the  value  we  can  derive  from  the  approximately  100  billion  bytes  obtained  thus  far. 
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Figure  8.  Typical  pixel  images  of  point  sources  (originals  are  larger  and  are  produced  in 
color)  and  3-D  contour  representations  of  output  for  each  of  the  three  arrays 
tested.  The  data  were  obtained  during  the  29-30  January  1986  flight  of  the 
KAO.  Note  that  test  conditions  (e.g.,  source,  integration  time,  wavelength 
interval,  etc.)  differ  greatly  for  each  of  the  arrays  so  that  comparisons  should 
not  be  made  based  on  these  displays. 
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